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1.0  INTRODUCTION 


This  document  is  the  final  technical  report  summarizing  technical  performance 
on  Contract  No.  DAAK02-72-C-0574  for  roll-over  protective  structure  (ROPS) 
retrofit  to  the  Military  6000-Pound  Rough-Terrain  Forklift  Truck.  A  ROPS 
has  been  developed,  which  by  utiTirlrtg  a  two-post  design  and  a  wire  taesh 
roof,  provides  minimum  obstruction  to  operator  visibility.  The  structural 
capability  has  been  demonstrated  by  compliance  with  SAE  static  load  testing 
requirements  and  by  a  field  roll-over  test. 

The  program  was  structured  as  a  two-phase  effort  to  develop  a  ROPS  for  the 
forklift  truck.  The  tasks  of  the  development  phase  were  as  follows: 


o  Examine  the  vehicle  chassis  in  the  areas  of  ROPS  attachment 
for  structural  adequacy  and  determine  methods  of  reinforce¬ 
ment  if  required. 

o  Design  and  analyze  structurally  a  ROPS  which  can  be  retrofitted 

to  the  forklift  truck  with  a  minimum  of  impairment  to  the  functional 
requirements  of  the  vehicle. 

o  Fabricate  a  development  unit  and  conduct  a  test  to  applicable  SAE 
Recommended  Practices  to  obtain  data  required  to  verify  the  P.OPS 
design. 

The  prototype  phase  of  the  program  was  conducted  with  the  following  tasks: 


o  Analyze  the  development  test  results,  modify  the  development 
ROPS  design  and  conduct  additional  structural  analysis  as 
required  to  establish  a  prototype  design. 

o  Fabricate  a  prototype  unit  and  perform  a  certification  test  to 
SAE  Recommended  Practices. 

o  Conduct  a  field  roll-over  test  to  verify  the  design  under  actual 
roll-over  conditions. 

o  Fabricate  two  additional  units  to  be  delivered  to  L'SAMERDC.  The 
first  to  be  installed  on  a  Type  "A”  vehicle  while  document ing 
installation  procedure.  The  vehicle  will  ther  undergo  performance 
testing  at  USAMERDC.  The  second  ROPS  is  to  be  used  as  an  installa¬ 
tion  trainer  at  USAMERJDC . 


o  Prepare  a  complete  technical  data  package  for  producing  and  installing 
Fj?S  and  RO?s  adapters  for  the  forklift  truck. 

This  is  the  first  of  three  final  technical  reports  due  under  this  contract. 

The  remaining  two  reports  will  be  submitted  following  the  completion  of  the 
respective  «_f  fo ..  »ad  will  covet  ohe  following  vehicles: 


1.  Clark  290M  and  Caterpillar  830MB  military  modi; 


,i  -a  ..  of-. 
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2.  Military  10,000  pound  rough-terrain  forklift  truck,  Allis- 
Chalmers  645M  Military  front-end  loader,  J.  1.  Case  MW24 
military  front-end  loader  and  military  20-ton  rough-terrain 
crane,  The  development  of  the  non-linear  computer  program 
will  be  included. 

This  final  report  fulfills  che  requirements  as  specified  in  DD  Form  1423 
and  contains  a  summary  of  information  generated  throughout  the  program  and 
Incorporated  previously  into  the  monthly  progress  reports,  preliminary 
design  revic-w  (?DR)  and  critical  design  review  (CDR). 
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2 . 0  SUMMARY 

A  roll-over  protective  structure  (ROPS)  foi  the  Military  6000  Pound  Rough- 
Terrain  Forklift  Truck  was  developed  and  is  shown  in  Figure  1.  All  objec¬ 
tives  of  the  contract  were  met.  In  arriving  at  these  objectives,  develop¬ 
ment  and  prototype  hardware  were  designed  and  analyzed  structurally,  four 
units  were  fabricated,  and  three  tests  were  conducted  including  a  field 
roll-over  test.  The  design  was  certified  to  meet  applicable  SAE  criteria. 

A  complete  technical  data  package  capable  of  producing  and  installing  ROPS 
and  adapters  to  the  vehicle  was  provided. 

2.1  Design 

The  design  effort  included  feasibility  studies  and  complete  drawing  packages 
for  the  development  and  prototype  hardware.  The  results  of  the  feasibility 
studies  indicated  that  a  tw^-pcst  conligurat ion  attached  to  the  vehicle  aft 
of  the  hydraulic  reservoir  would  provide  the  best  retrofit  advantages.  The 
ROPS  is  fabricated  with  square  tubing  with  gusseted  corners  and  provides  over¬ 
head  falling  object  protection  (FOPS)  with  steel  mesh  while  maintaining  minimum 
obstruction  to  operator  visibility.  The  ROPS  fits  into  sockets  and  is  attached 
by  two  cap  screws.  Since  the  forklift  was  not  originally  designed  for  ROPS 
instal lat ion ,  reinforcements  were  required  to  distribute  loads  into  the  chassis. 

Although  the  development  design  met  all  structural  requirements ,  the  objectives 
of  the  prototype  design  phase  were  to  solve  two  problems  encountered  with  the 
development  hardware.  Fit  checks  to  the  Type  "A"  vehicle*  with  wooden  mock-ups 
showed  inadequate  clearance  with  the  steering  actuation  system  ami  with  the 
tires  during  some  modes  of  operation.  Also,  lengthy  installation  t tme  and 
chassis  distortion  were  encountered  during  welding  of  reinforcements  to  the 
chassis.  Modifications  made  to  the  post  feet,  sockets  and  chassis  reinforce¬ 
ments  provided  adequate  clearance  in  all  areas.  A  bolt-on  concept  was  developed 
which  simplified  the  installation  procedure  and  did  not  require  welding  to  the 
chassis.  Reinforcement  of  the  axle  housing  was  no  longer  required  since  a  cross¬ 
over  beam  was  provided  to  transmit  loads  between  sockets. 

2.2  Structural  Analysis 

Comprehensive  structural  analyses  were  conducted  to  assure  structural  Integrity 
of  the  ROPS  and  vehicle  to  withstand  roll  -over  loads.  The  applicable  SAE 
standards  and  tne  anticipated  roll-over  conditions  were  used  to  establish  the 
applied  loads.  The  non-linear  plastic  computer  program  developed  by  LPC  and 
classical  techniques  were  used  tv  perform  the  analyses.  The  analysis  results 
indicated  that  all  areas  of  the  structure  could  withstand  the  applied  loading 
environment  with  adequate  safety  factors.  Deflection  curve  predictions  for 
side  and  vertical  loading  were  developed  prior  to  each  test  and  compared  to 
measured  results  after  the  completion  of  each  test. 
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Four  ROPS  units  were  fabricated  during  this  contract.  All  of  the  units  were 
built  by  Tube-Lok  Products,  Portland,  Oregon  following  the  solicitation  of 
competitive  bids  by  LPC.  The  following  is  a  summary  of  the  hardware  procured 
and  its  usage: 

(1)  Development  test  unit 

(2)  Prototype  test  unit  which  was  also  used  for  the  field 
roll-over  test 

(3)  Delivery  unit  which  was  mounted  on  Type  "A"  vehicle  and 
shipped  to  'JsAHERDC  for  performance  testing 

(4)  Delivery  unit  which  was  shipped  to  LiSAMERDC  for  use  as  ar 
installation  trainer  model. 

2.4  Testing 

A  series  of  three  tests  was  performed  at  the  Lockheed  Potrero  test  facility  to 
demonstrate  that  the  unit  could  meet  loading  requirements.  This  si  ries  in¬ 
cluded  a  development,  prototype  and  field  roll-over  test.  The  development  and 
prototype  tests  were  conducted  in  accordance  with  the  following  ap  i*cable  SAE 
Recommended  Practices: 

o  The  500-lb  weight  dropped  17  feet  FOPS  requirement  of  J231 

o  The  15,000-lb  side  load,  122,000  in-lb  side  load  energy,  2!, 500  lb 
vertical  load  and  8  ft-ib  Charpy  V’-notch  strength  requirements  of 
0394a. 

o  The  critical  zone  limitations  of  J397a  which  permit  deflec  ion  of 
13.5  and  14.5  inches  In  the  horizontal  and  vertical  direct  ons , 
respec  t ively . 

The  objective  of  the  development  test  was  to  obtain  data  required  :o  verify 
the  ROPS  design.  The  test  results  showed  that  the  unit  passed  successfully 
all  SAJE  requirements  specified  above.  However,  problems  of  lengthy  installa¬ 
tion  time  and  vehicle  chassis  distortion  were  encountered  during  welding  of 
reinforcements  to  the  chassis. 

The  second  test  was  conducted  to  certify  the  final  prototype  design  would  meet 
the  requirements  of  the  applicable  SAE  Recommended  Practices.  The  tests  of 
the  bolt-on  unit  demonstrated  compliance  with  requirements.  The  formal  test 
report  of  certification  to  SAE  standards  is  included  as  Appendix  6.6. 

The  field  roll-over  test  was  conducted  with  the  ROPS  used  previously  in  tin- 
prototype  certification  test.  The  roll  sequence  included  a  side  roll  followed 
by  a  complete  end-over-end  roll.  Figur-  2  shows  the  vehicle  during  the  test. 
The  adequacy  of  the  two-post  was  substantiated  by  the  severe  conditions  imposed 
on  the  ROPS  in  the  roll  test. 
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3.0  CONCLUSIONS 

A  ROPS  was  developed  for  the  Military  6000-pound  Forklift  Truck  and  certified 
by  test  to  meet  the  SAE  Reconmended  Practices.  In  addition  to  fulfilling 
this  primary  objective,  several  other  important  conclusions  were  reached. 

The  structural  integrity  of  the  ROPS  was  verified  by  a  field  roll-over  demon¬ 
stration.  The  two-post  design  concept,  with  many  functional  advantages  over 
the  more  conventional  four-post  configuration,  was  substantiated  under  severe 
roll-over  conditions  incurred  during  the  test. 

The  feasibility  of  retrofitting  a  ROPS  to  the  current  forklift  truck  was 
established.  The  prototype  unit  was  installed  on  a  Type  "A"  vehicle  and  the 
vehicle  reworked  to  original  functional  capacity. 

Analytical  advances  were  made  for  predicting  ROPS  deflection  behavior  in  the 
elastic  and  plastic  regions.  Improvements  were  made  to  the  non-linear  coin- 
puter  program  to  predict  ultimate  plastic  behavior  of  the  structure.  The 
critical  parameters  for  accurately  predicting  elastic  deflections  were  identi¬ 
fied  by  resolving  differences  between  analytical  predictions  and  test  results. 
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4.0  RECOMMENDATIONS 

The  drawings,  specifications  and  installation  procedures  for  the  pr^otype  ROPS 
are  acceptable  for  use  In  procuring  production  quantities  for  the  U.S.  Array. 
Since  the  ROPS  is  a  critical  safety  item,  it  is  recommended  that  the  units  be 
procured  from  a  manufacturer  with  a  demonstrated  capability  for  producing  ROPS 
in  production  quantities. 

Study  of  the  test  results,  structural  analyses  and  fabrication  information 
developed  in  the  program  indicates  that  modification  of  the  design  approach 
would  result  in  a  ROPS  system  that  is  simpler  and,  therefore,  of  lower  cost 
than  the  prototype  design.  If  the  number  of  units  expected  to  be  fitted 
with  ROPS  justifies  the  effort,  it  is  recommended  that  work  toward  the  lower 
cost  design  be  considered. 

It  Is  also  recomme'- aed  that  the  material  specifications  included  in  Appendix 
6.1.1  be  revised  co  delete  the  requirements  for  ASTMA  516,  Grade  65,  or  Grade 
70  sceel.  The  material  specifications,  EMSD103  and  EMSD104,  include  all 
necessary  material  requirements.  In  addition,  the  Charpy  impact  test  require¬ 
ments  of  the  proposed  SAE  combined  ROPS  code  are  an  acceptable  substitute  for 
the  requirements  currently  included  in  the  specifications. 
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5.0  DISCUSSION 

5.1  Development  Phase 

5.1.1  Design 

5. 1.1.1  Design  Criteria 

The  criteria  used  for  design  of  the  ROPS  for  the  6000-lb  rough  terrain  forklift 
truck  was  established  to  achieve  the  following  goals: 

o  Provide  adequate  roll-over  and  falling  object  protection  for 
the  operator  of  the  vehicle 

o  Minimize  the  restrictions  to  the  functional  characteristics  of 
the  vehicle 

To  meet  these  goals,  it  was  necessary  to  develop  a  design  which  minimized 
obstruction  to  operator  visibility,  forklift  performance  degradation  and 
vehicle  modifications  during  retrofit.  Since  during  military  use  the  ROPS 
and  vehicle  will  be  shipped  separately,  it  was  desirable  to  provide  for 
nesting  capability  and  tolerance  control  to  permit  interchangeability. 

Simple  and  proven  design/fabrication  techniques  were  required  to  achieve 
a  design  which  could  be  built  for  a  low  unit  cost  during  production. 

The  load,  energy  and  material  requirements  are  derived  from  SAE  Recommended 
Practice  J394a  which  specifies  the  minimum  performance  criteria  for  roll-over 
protective  structures  for  wheeled  front-end  loaders  and  wheeled  dozers.  The 
J394  practice  was  selected  as  the  test  criteria  since  the  operation  and  usage 
characteristics  of  the  rough  terrain  forklift  resembles  closely  that  of  the 
wheeled  front-end  loaders.  A  sunanary  of  these  requirements  is  presented  in 
Figure  3,  SAE  Design  Criteria. 

The  gross  vehicle  weight  is  23,500  lb  and  corresponds  to  the  vertical  load 
requirement.  The  side  load  and  side  load  energy  requirements  of  15,000  lb 
and  122,000  ln-lbs  respectively,  are  derived  from  the  empirical  equations 
specified  in  J394a.  The  current  specification  requires  that  for  two-post 
designs  the  side  load  should  be  applied  at  a  point  1/3  of  the  roof  length 
from  the  vertical  posts  or,  20.7  inches.  However,  since  the  distance  to  the 
critical  zone  is  greater  than  1/3  of  the  roof  length,  an  alternate  requirement 
seemed  appropriate.  On  the  recommendation  of  the  SAE  Ad  Hoc  Committee  on 
15  March  1973  the  side  load  application  point  was  established  as  the  aft  limit 
of  the  critical  zone.  This  distance  is  37.0  inches  from  the  centerline  of  the 
vertical  posts  for  this  ROPS  unit,  and  was  the  location  used  for  the  side  load 
application. 

The  deflection  limits  were  established  from  SAE  Recommended  Practice  J397a 
which  specifies  the  critical  zone  for  laboratory  evaluation  of  roll  over  pro¬ 
tective  structures  and  falling  object  protective  structures  of  construction 
and  industrial  vehicles.  As  shown  in  Figure  4,  the  deflection  limits  at  the 
aft  edge  of  the  critical  zone  are  13.5  and  14.5  inches  in  the  horizontal  and 
vertical  directions,  respectively.  The  horizontal  deflection  limit  was 
established  in  accordance  with  Section  5.3.2  of  J397a  by  determining  a  simulated 
ground  plane  (SGP),  rotating  this  plane  15  degrees  away  from  the  critical  zone 
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o  FORKLIFT  WEIGHT,  W 


o  SIDE  LOAD,  F 


F  =  5300 


W 


10,000 


1.22 


o  SIDE  LOAD  ENERGY,  U 


U 


42000 


_  1.25 


W 

10000 


o  VERTICAL  LOAD,  W. 


o  MATERIAL  IMPACT  STRENGTH 


23,500  LB 


15,000  LB 


122,000  IN-LBS 


23,500  LB 


CHARPY  V  NOTCH  STRENGTH 
OF  8  FT-LB  AT  -20°F 


o  CRITICAL  ZONE  DEFLECTION  LIMITS  HORIZONTAL,  13.5  INCHES 

VERTICAL,  14.5  INCHES 


o  FALLING  OBJECT  PROTECTION 


500  LB  WEIGHT  DROPPED 
17  FEET 


Figure  3  -  SAE  Design  Criteria 


LOCKHHO  PROPULSION  COMPANY 


684-F-l 

15  January  1974 
Page  11 


6R4-F-1 

15  January  1974 
Page  12 


and  computing  the  allowable  travel  at  the  load  application  point. 

The  minimum  performance  criteria  for  the  falling  object  protective  structure 
is  specified  in  SAE  Recommended  Practice  J231.  The  important  requirements 
are  that  a  500-lb  weight  with  a  8.0-inch  diameter  dropped  17  feet  over  the 
critical  zone  does  not  permit  the  weight  or  ROPS  structure  to  intrude  into 
the  critical  zone. 

5. 1.1.2  Preliminary  Design  Feasibility  Studies 

The  results  of  preliminary  design  studies  showed  that  retrofitting  a  ROPS 
to  Che  6000-lb  forklift  was  feasible.  The  6K  Forklift  was  examined  during 
fabrication  at  the  manufacturer's  facility  for  available  space  and  possible 
interferences  with  ROPS  envelope  by  wheels  or  other  operating  parts  of  the 
Forklift  Truck.  This  investigation  indicated  that  several  locations  for 
ROPS  installation  were  available  behind  the  operator,  but  severe  interference 
problems  were  encountered  In  areas  ahead  of  the  operator.  Therefore,  a  two 
post  concept  seemed  to  be  more  feasible  than  a  four-post. 

Two  positions  were  found  to  be  favorable.  The  best  choice  appeared  to  be  aft 
of  the  hydraulic  reservoir.  This  location  for  ROPS  installation  offered 
advantages  of  accessability ,  existing  chassis  rigidity  due  to  axle  mount 
structure  and  low  overall  cost  because  of  minimal  vehicle  modification.  How¬ 
ever,  the  excensive  overhang  due  to  the  distance  to  the  critical  zone  resulted 
in  a  heavier  ROPS  wich  greater  loads  induced  into  the  chassis.  The  heavier 
ROPS  was  needed  to  meet  the  minimum  side  load  requirements  and  to  provide 
sufficient  rigidity  to  achieve  the  required  energy  level.  Also,  the  over¬ 
turning  moment  during  vertical  loading  produced  higher  bending  stresses  in  the 
posts. 

The  second  choice  for  locating  the  vertical  posts  was  forward  of  the  hydraulic 
reservoir.  Advantages  of  this  attachment  location  were  a  lighter  ROPS  with  less 
overhang  ar.d  lower  loads  to  be  transferred  into  the  chassis  structure.  With 
this  concept  extensive  modifications  to  the  vehicle  would  be  required.  These 
modifications  would  consist  of  relocation  of  the  hydraulic  reservoir  and  associated 
hydraulic  lines,  and  redesign  of  the  steering  mechanism.  Another  disadvantage 
of  this  location  was  inadequate  clearance  for  the  ROPS  attachment  structure. 

Brief  preliminary  analyses  were  made  of  the  two-post  designs  attached  at  these 
locations.  Steel  tubing  4  x  4  x  1/2  was  adequate  for  the  forward  mount;  while 
5  x  5  x  3/8  was  required  for  the  posts  attached  behind  the  hydraulic  reservoir. 
Structural  design  of  the  ROPS  hardware  was  complicated  by  the  SAE  requirements 
which  specify  that  a  minimum  amount  of  energy  (area  under  the  force-deflection 
curve)  must  be  achieved  while  maintaining  a  minimum  side  load.  In  addition, 
the  structure  cannot  deflect  into  the  defined  "critical  zone".  Therefore,  the 
structure  was  carefully  sized  to  reach  the  minimum  side  load  and  be  flexible 
enough  to  absorb  the  required  energy  without  intruding  into  the  critical  zone. 

Although  choice  of  the  two-post  design  concept  was  dictated  primarily  by  space 
availability,  other  advantages  are  also  realized  over  the  four-post  design. 

These  include  better  forward  visibility,  lower  cost  and  weight,  and  a  nestability 
capability  for  shipping  with  the  ROPS  detached  from  the  vehicle.  Potential  advan¬ 
tages  of  a  four-post  design  would  be  greater  industry  experience  and  correlation 
to  SAE  requirements,  and  a  mere  stable  configuration  for  fore-aft  and  vertical 
loads. 
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5. 1.1.3  Design  (Development  Unit) 

The  final  design  configuration  of  the  Development  Unit  is  shown  in  the 
following  figures: 

o  Drawing  299025,  ROPS  Assembly  on  Frame,  t K  Forklift-Layout, 

Figure  5 

o  Drawing  299026,  Roll  Over  Protective  Structure,  6K  Forklift, 

Figure  6 

o  Drawing  299027,  ROPS  Mounting  Bracket  and  Axle  Mount  Support 
Cap,  6K  Forklift,  Figure  1 

o  Drawing  299030,  Frame  Reinforcement  Details,  6K  Forklift, 

Figure  8. 

Design  of  the  development  unit  was  completed  while  meeting  the  following 
constraints  imposed  by  USAMERDC: 

1.  The  design  must  meet  all  applicable  SAE  criteria. 

2.  The  ROPS  must  be  interchangeable  and  removable. 

3.  Upward  shift  of  the  vertical  center  of  gravity  should  be  minimized. 

4.  Obstructions  to  upward  visibility  should  be  minimized. 

In  addition,  the  design  was  guided  by  the  list  of  groundrules  sunanarized  in 
Figure  9. 


The  ROPS,  Drawing  299026,  is  supported  by  two  vertical  posts  and  b.iS  wire  mesh 
to  provide  overhead  protection  for  falling  objects. 

The  top  of  the  ROPS  canopy  is  fabricated  primarily  from  square  tubing.  The 
major  support  members  are  5  x  5  x  .375  inch  square  tubes.  To  achieve  a  low 
center  of  gravity,  beams  which  are  not  heavily  loaded  are  5  x  5  x  .25  inch 
square  tubes.  The  front  beam  is  2.50  inch  daimeter  tubing  to  permit  good 
visibility  of  the  fork  load  when  in  an  "up"  position.  Lifting  brackets 
welded  to  each  side  of  the  roof  are  designed  to  carry  three  times  the  ROPS 
weight.  As  a  safety  precaution,  the  welds  are  sized  to  fail  under  the  com¬ 
bined  weight  of  the  ROPS  and  vehicle. 

A  wire  mesh  is  provided  in  the  region  directly  above  the  operator  to  permit 
good  upward  visibility  at  the  same  time  as  falling  object  protection  (FOPS). 
The  mesh  is  fabricated  from  2  x  2  x  0.50  diameter  8620  hot-rolled  steel  wire. 
The  remainder  of  the  ROPS  roof  is  covered  with  0.50  inch  steel  bar  stock 
spaced  at  5.0  to  6.0  inches.  This  spacing  is  similar  to  the  original  rock 
guard  and  gives  adequate  protection  of  the  equipment  from  objects  falling 
from  the  forklift  load. 
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o  MAKE  EXTENSIVE  USE  OF  "CAT -CLARK"  ROPS  TEST  DATA 

o  CONSIDER  ACTUAL  ROLL-OVER  INFLUENCE  ON  DESIGN 

o  DESIGN  MUST  PROVIDE  ROLL-OVER  PROTECTION  WITH  SIDE  LOAD 
APPLIED  AT  EITHER  SIDE  OF  ROOF  AT  ANY  FORE /A FT  LOCATION 

o  ROPS  TO  BE  INTERCHANGEABLE-TOLERANCE  CONTROL  REQUIRED 

o  USE  SIMPLE  AND  PROVEN  DESIGN/ FABRICATION  TECHNIQUES 

o  USE  LPC  AND  INDUSTRY  EXPERIENCE  WHERE  POSSIBLE 

o  ABSORB  ENERGY  IN  SIMPLE,  ANALYTICALLY  PREDICTABLE  AREAS 
OF  THE  STRUCTURE  AND  AVOID  LOCAL  BUCKLING  FAILURES 

o  MINIMIZE  STIFFNESS  WHILE  STAYING  WITHIN  LOAD  CONSTRAINTS 
TO  PRECLUDE  TRACTOR  FAILURE 

o  MINIMIZE  COST 

o  MINIMIZE  VEHICLE  MODIFICATIONS 

o  LIMIT  OPERATOR  VISIBILITY  RESTRICTIONS 

o  MINIMIZE  TRACTOR  PERFORMANCE  DEGRADATION 

o  LIMIT  NOISE  AND  VIBRATION  INDUCED  BY  ROPS 

o  PROVIDE  FOR  NESTING  CAPABILITY  DURING  SHIPPING  IF  POSSIBLE 
o  MINIMIZE  INTERFERENCE  WITH  MAINTENANCE  OPERATION 


Figure  9  -  Design  Groundrules 
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The  roof  is  supported  by  two  vertical  posts  fabricated  with  5.0  Inch  square 
tubing  with  a  0.375  Inch  wall  thickness.  The  posts  are  spaced  37.33  Inches 
apart  to  straddle  the  main  support  channels  of  the  forklift  chassis.  The 
Junction  of  these  members  with  the  roof  has  reinforcements  in  all  planes  to 
achieve  good  load  and  moment  transfer. 

The  comer  gussets  are  built  up  with  0.375  inch  thick  plates.  They  are  welded 
together  and  to  the  square  tubes.  This  type  of  corner  reinforcement  has 
advantages  of  wide  industry  usage  with  proven  structural  capability  and  ex¬ 
cellent  load  transfer.  Although  this  configuration  requires  many  parts  and  con¬ 
siderable  welding.  It  does  not  require  special  forming  or  bending  techniques 
during  fabrication.  The  width  of  the  gusset  plates  are  tapered  to  assure  a 
gradual  transition  of  load  and  a  weld  joint  removed  from  the  area  of  maximum 
bending  stress  in  the  tube.  A  curved  plate  is  welded  to  the  free  edge  of  the 
gusset  to  preclude  local  buckling  failures.  A  threaded  bar  spanning  the  two 
posts  is  provided  to  facilitate  lateral  adjustment  of  the  ROPS  during  installa¬ 
tion. 

The  lower  end  of  the  ROPS  vertical  support  members  are  attached  with  a  foot- 
socket  arrangement.  Threaded  eye-bolts  engage  the  feet  into  the  sockets  and 
permit  easy  removal  of  the  ROPS.  The  steel  post  feet  extend  5.0  inches  into 
the  tubes  and  are  attached  with  a  weld  joint  around  the  entire  tube  end.  The 
portion  of  the  foot  which  extends  into  the  socket  is  tapered  to  achieve  rigid 
fixity  and  easy  installation.  The  eye-bolt  is  held  in  the  foot  with  a  1.0 
inch  diameter  pin  which  is  retained  by  the  side  walls  of  the  socket  after 
installation  of  the  ROPS.  Noise  and  vibration  isolation  is  obtained  by 
placing  sheets  of  "Fabreeka",  a  rubber-cotton  composite  material,  between 
the  sidewalls  of  the  socket  and  under  the  nut. 

The  sockets  are  fabricated  with  an  assembly  of  plates  joined  with  penetration 
welds.  The  receptacles  for  the  feet  are  curved  to  distribute  the  bearing 
loads  in  a  manner  which  will  reduce  the  stresses  in  the  welds.  Loads  are  trans¬ 
mitted  from  the  sockets  to  the  axle  housing  through  "0"  shaped  reinforcements 
which  are  welded  to  the  sockets  and  axle  housing.  The  top  of  the  a:-.le  housing 
is  reinforced  with  another  "U"  shaped  member. 

The  basic  frame  members  of  the  forklift  chassis  are  reinforced  to  distribute 
the  loads  incurred  during  rollover.  Two  1.0  inch  plates  extending  67.0  inches 
along  the  frame  channels  provide  the  primary  structural  support.  In  addition, 
plates  are  provided  below  the  frame  channels  and  attached  to  the  forward  and 
aft  faces  of  the  sockets  to  give  further  chassis  reinforcement  and  load  distri¬ 
bution. 

5. 1.1.4  Material  and  Weld  Requirements 

During  the  design  phase,  specifications  were  written  to  establish  the  requirements 
for  the  materials  and  welding  to  be  used  In  the  roll-over  protective  structures. 
These  specifications  meet  the  requirements  of  the  applicable  3AE  recommended 
practice  and  are  consistent  with  the  design  criteria. 
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The  material  requirements  for  the  high  strength  carbon  steel  are  given  In 
Material  Specification  EMSD103,  Appendix  6.1.1  and  the  carbon  steel  tubing 
requirements  are  specified  in  Material  Specification  EMSD104,  Appendix  6.1.2. 

All  of  the  steel  used  in  the  design  of  the  ROPS  and  chassis  reinforcements  meets 
the  SAE  impact  strength  requirement  of  8  ft-lb  at  -20°F  with  a  10  mm  x  10  no 
test  specimen. 

The  material  properties  for  the  plate  and  tubing  members  used  in  the  design 
and  analysis  are  presented  in  Figures  10  and  11,  respectively.  These  levels 
can  be  easily  achieved  with  "ROPS  charpy  steel"  commonly  used  throughout  the 
industry.  However,  the  tubing  yield  strength  of  50,000  psi  is  above  the  level 
used  conanonly.  This  requirement  is  necessary  to  withstand  the  vertical  loading 
with  the  two  post  design.  ROPS  fabricators  have  indicated  that  this  strength 
level  will  be  easily  attainable  during  production. 

The  FOPS  mesh  is  fabricated  with  8620  hot  rolled  steel.  The  material  passed 
the  8  ft-lb  at  -20°F  Charpy  Vee  Notch  Impact  Test  requirement  with  a  full 
size  (10  nun  x  10  mm)  specimen. 

The  welding  requirements  are  given  in  Process  Specification  DPSF100,  Appendix 
6.1.3.  This  specification  details  the  standards  for  qualifying  welders,  lists 
filler  metals  which  will  meet  impact  requirements,  specifies  acceptable  equip¬ 
ment  and  outlines  the  quality  assurance  standards. 

5.1.2  Structural  Analysis 

5. 1.2.1  Analysis  Approach 

The  method  used  for  structural  analysis  was  to  determine  the  elastic  curve 
of  the  ROPS,  support  structure,  and  vehicle  by  computer  program  and  conventional 
analysis  and  ,.o  determine  the  ROPS  ultimate  capability  with  the  non-linear 
computer  program.  rhen,  using  structural  internal  loads  for  maximum  ROrs 
side  load  and  one  '  g*  vertical  load,  a  detail  structural  analysis  was  performed 
on  the  ROPS,  support  structure,  and  vehicle.  Factors  of  safety  for  the  structure 
were  obtained  by  comparing  material  yield  strength  to  stresses  obtained  from  the 
above  loading  conditions. 

An  assumption  made  to  simplify  the  computer  model  was  the  longitudinal 
vehicle  frame  does  not  have  pitch  rotation.  This  is  completely  true  during 
the  side  load  test  because  both  sides  of  the  frame  are  tied  down  at  two  locations. 
This  assumption  is  felt  to  be  accurate  during  actual  rollover,  also  because 
numerous  vehicle  cross  ties,  axles,  and  engine  prevent  relative  frame  rotation. 

An  additional  modeling  assumption  used  is  that  the  FOPS  foot  is  completely 
fixed  in  the  socket.  This  assumption  is  true  for  large  ROPS  deflections  and 
produces  accurate  results  for  ROPS  ultimate  capability.  However,  as  shown  by 
Figure  12,  in  the  small  deflection  range  considerable  discrepancy  is  obtained. 

This  is  due  to  the  ROPS  feet  rotating  in  che  socket  while  absorbing  socket 
clearance.  Therefore,  the  elastic  curve  prediction  was  based  on  test  data 
obtained  from  the  caterpillar  ROPS  bedplate  test. 
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o  MODULUS  OF  ELASTICITY,  E 

o  MODULUS  OF  RIGIDITY,  G 

o  POISSONS' S  RATIO 


o  C HARPY  V- NOTCH  IMPACT 

STRENGTH  AT  -20°F 


o  DENSITY,  W 


ASTM-A-516  STEEL 
70,000  to  90,000  PSI 

38,000  PSI 

44,000  PSI 

115,000  PSI 

29.0  x  106  PSI 
11.2  x  106  PSI 
0.30 

8  FT- LB 

0.283  LBS/IN3 


LPC  SPECIFICATION  NO.  EMSD104 


Figure  10,  ROPS  Plate  Material  Properties 
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*  ROPS  TUBULAR  MEMBERS 


o  MATERIAL 


o  ULTIMATE  TENSILE  STRENGTH,  F 

tu 


o  TENSILE  YIELD  STRENGTH,  F 
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o  COMPRESSIVE  YIELD  STRENGTH,  F 
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o  SHEAR  STRENGTH,  F 
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o  ULTIMATE  BEARING  STRENGTH,  Fu 
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o  MODULUS  OF  ELASTICITY,  E 

o  MODULUS  OF  RIGIDITY,  G 

o  POISSON'S  RATIO, p 

o  CHARPY  V- NOTCH  IMPACT  STRENGTH  AT 

-20°F 

o  DENSITY,  W 


ASTM-A-500  STEEL 
60,000  to  80,000  PSI 

50,000  PSI 

50,000  PSI 

38,000  PSI 

98,000  PSI 

29.0  x  106  PSI 
11.2  x  106  PSI 
0.30 

8  FT- LB 

0.283  LBS/IN3 


*  LPC  Specification  No.  EMSD104 


Figure  11  -  ROPS  Tube  Material  Properties 
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5. 1.2. 2  Analysis  Results 

The  predicted  ROPS  side  load  vs.  deflection  curve  Is  shown  In  Figure  13. 

The  elastic  and  elastic-plastic  transition  section  of  the  curve  is  based 
on  test  results  from  the  caterpillar  F.OPS  bedplate  test  and  the  ultimate 
capability  value  of  28,000  lbs  is  baaed  on  the  non-linear  computer  program 
output.  Figure  13  also  shows  the  results  from  the  non-linear  program  for 
a  partially  pinned  (fixed  for  foot  torsion)  and  fully  fixed  lower  end  HOPS. 

The  pinned  end  curve  cannot  be  used  for  prediction  because  its  elastic  slope 
is  less  than  expected  and,  it  develops  about  one-half  of  the  ultimate  capa¬ 
bility.  The  fixed  end  curve  cannot  be  totally  used  because  its  small  deflec¬ 
tion  stiffness  is  excessive.  These  curves  point  out  a  non-linear  fixity 
mechanism  has  to  be  developed  for  a  computer  model  of  ROPS  with  sockets  to 
accurately  predict  load  vs.  deflection  in  a  single  run.  A  non-linear  fixity 
mechanism  is  presently  being  developed  to  be  incorporated  in  the  ROPS  com¬ 
puter  procedure. 

The  computer  predicted  ROPS  vertical  load  vs.  deflection  curve  is  shown  in 
Figure  14.  The  effect  of  socket  clearance  was  not  included  at  this  time. 

A  plot  of  the  ROPS  model  is  shown  in  Figure  15.  This  nlot  is  a  model  of  the 
pinned  lower  end  ROPS;  therefore,  no  frame  influence  is  necessary.  The  com¬ 
puter  program  includes  this  model  plotting  capability  to  help  check  for  model 
geometry  errors  and  to  provide  a  plot  of  the  model  deflected  shape. 

The  structural  analysis  of  the  unit  is  given  in  Section  6.2  of  the  Appendix 
and  a  summary  of  the  results  is  shown  in  Tables  1,  2  and  3.  Table  1  is  a 
summary  of  the  ROPS  factors  of  safety.  Due  to  side  load,  P^,  local  buckling 
tends  to  occur  at  the  point  of  load  application.  Location  1  is  a  check  of  this 
condition.  Since  upward  visibility  Is  required  through  this  ROPS,  roof  panels 
cannot  be  used.  As  a  result,  side  load  applied  forward  of  the  ROPS  vertical 
members  have  to  be  transferred  by  the  roof  members  in  bending.  This  bending 
causes  excessive  stresses  on  the  roof  mid  joints  requiring  gussets  to  be  added 
to  the  joints.  Points  2  and  3  are  a  check  of  these  gussets  for  the  member 
bending  moments.  Point  4  is  a  check  for  foot  bending  stresses.  Foot  bending 
stresses  were  compared  with  ultimate  bending  stress  as  foot  yielding  was 
permitted.  Location  5  is  a  check  of  ROPS  tube  bending  stress  due  to  the 
vertical  load,  P2-  It  is  necessary  to  compare  location  5  stress  to  an  allow¬ 
able  yield  stress  as  the  roof  deflection  may  become  excessive  and  enter  the 
critical  zone  at  ultimate  bending  stress. 

Table  2  is  a  suranary  of  the  frame  stresses  due  to  maximum  ROPS  side  load. 
Location  1  is  a  check  of  weld  tension  stress  due  to  a  right  hand  side  load. 

Due  to  a  right  hand  side  load,  -Py  puts  a  tension  load  on  1  and  a  couple  due 
to  -1^  at  the  top  and  bottom  cf  the  socket  puts  a  tension  load  on  1.  Locations 
2  and  3  are  a  socket  tension  and  shear  check  due  to  a  right  hand  side  load. 

The  we’d  tension  load  at  location  1  loads  the  frame  one  inch  horizontal  plate. 
This  load  has  to  be  transferred  as  a  shear  force  down  to  the  axle  casting 
through  location  4  weld.  Location  4  is  a  weld  shear  check  for  this  loading. 
Location  5  is  a  weld  shear  check  between  the  socket  vertical  structure  and 
bottom  place.  lhe  welded  axle  and  reinforcement  reacts  in  bending.  This 
bending  causes  a  weld  tension  stress  at  6  for  a  right  hand  side  load.  Location 
6  is  a  check  of  this  tension  stress. 
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Figure  13  -  Predicted  ROPS  Side  Load  Deflection 


Figure  15  -  6K  ROPS  Computer  Model 
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Table  2  -  Frame  Stress  Summary 
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Table  3  -  Franc  Stress  Summary  (Cont'd) 
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Location  1  on  Table  3  shows  the  expected  frame  stress  for  the  side  load 
test. 

Location  2  and  3  are  tie  down  stresses.. 

A  possible  increase  in  rear  axle  stress  level  due  to  additional  ROPS  weight 
was  considered.  When  contacted  by  the  USAMERDC  representative,  Clark,  the  axle 
manufacturer  could  see  no  difficulty  in  the  additional  axle  loading.  No 
additional  analysis  was  conducted  since  inadequate  definition  of  structural 
detail  and  load  factors  was  available. 

5.1.2. 3  Comparison  With  Test  Results 

A  comparison  of  the  predicted  side  load  to  the  measured  test  side  load  is 
shown  in  Figure  16. 

Figure  16  shows  more  stiffness  was  obtained  during  the  test  in  the  elastic 
part  of  the  side  load  deflection  curve  than  predicted  by  the  adjusted  frame 
socket  prediction  curve.  This  occurred  because  the  development  6K  ROPS 
conical  socket  deve^ped  more  fixity  than  obtained  from  the  caterpillar  ROPS 
rectangular  socket  which  the  method  for  the  predicted  elastic  curve  was  based 
upon. 

The  reduced  ultimate  capability  obtained  from  the  test  crmpared  to  predicted 
is  discussed  in  Section  6.4  of  the  Appendix,  "Analysis  of  Development  Test 
Results".  In  summary,  it  shows  the  reduced  ultimate  capability  was  largely 
due  to  an  unexpected  influence  of  actuator  rotation  on  the  side  load  test. 
Normal  rotation  of  the  ROPS  roof  causes  the  side  load  actuator  to  deflect 
forward  at  the  point  where  it  attaches  to  the  roof.  With  the  other  end  of 
the  actuator  pivoting  about  a  fixed  point,  the  actuator  rotates  and  develop6 
a  forward  component  load  relative  to  the  vehicle.  This  forward  actuator  load 
causes  an  additional  bending  moment  at  the  lower  end  cf  the  ROPS  vertical 
legs.  As  a  result,  the  ROPS  plastic  hinge  bending  moment  is  developed  at  a 
side  load  which  is  lower  than  would  be  obtained  without  actuator  rotation. 

Only  a  2%  additional  reduction  in  side  lead  capability  was  due  to  material 
strength. 

A  comparison  of  the  predicted  vertical  load  to  the  measured  test  vertical 
load  is  shown  in  Figure  17.  Except  for  a  slight  initial  sag  in  the  test 
vertical  load  deflection  curve,  the  elastic  curve  matches  the  predicted 
curve  very  closely.  The  Initial  sag  is  due  to  socket  clearance  which  permits 
rotation  of  the  foot  within  the  socket.  The  reduction  in  strength  obtained 
in  the  vertical  load  test  at  large  deflections  is  contrihut able  to  actuator 
rotation.  Actuator  rotation  causes  a  significant  increase  in  moment  arm 
distance  between  the  actuator  line  of  action  and  the  bottom  of  the  ROPS  tube. 
This  test  data  will  be  studied  in  detail  for  che  10,000  ib  forklift  applica¬ 
tion  where  more  vertical  load  capability  is  required. 

Maximum  frame  reinforcements  stres.'  obtained  from  strain  gage  data  is  at  gage 
No.  23.  This  is  located  at  location  1,  fable  3.  Expected  stress  was  ffc  = 
22,000  psi  at  31,500  lb  side  1 oad .  Actual  stress  obtained  was  13,300  psi  at 
24,000  lb  side  load.  Extending  this  stress  to  31,500  lb  side  load  would  pro¬ 
duce  17,500  psi  stress  or  predicted  stress  level  was  25%  conservative. 


LOCKHKID  PROPUL1ION  COMPANY 


684-F-l 

15  January  1974 

Page  32 


s 


•sti  coi  ‘oven  aais 


LOCKMUO  MOPUtWOW  COMWNY 


Figure  16  -  Comparison  of  ROPS  Side  Load  Deflection  to  Prediction 


ROPS  Vertical  Load  Deflection  To  Prediction 
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Maximum  ROPS  foot  socket  stress  obtained,  was  14,800  psi  at  Gage  No.  33.  This 
is  located  at  Location  3.  Using  the  same  procedure  as  above,  predicted  stress 
level  of  27,000  psi  was  392  conservative.  Actuator  rotation  is  accredited 
for  this  probable  excessive  conservatism  because  it  tended  to  unload  the 
critical  right  hand  side  socket. 

Gage  No's  20  and  24  recorded  1840 // in/in  and  1960/* in/in  strains  in  the  ROPS 
curved  gussets.  This  is  well  within  material  strain  at  yield  strength  of 
3300  fi  in/in  and  well  within  material  elongation  of  at  least  200,000// in/in  but 
in  excess  of  material  proportional  limit  strain  of  1300/*ln/in.  Therefore, 
instrumentation  indicates  there  was  no  danger  of  gusset  failure,  however,  the 
gussets  would  be  unable  to  develop  much  more  load. 

5.1.3  Fabrication 

The  Preliminary  Design  Review  (PDF)  for  the  bK  Development  ROPS  was  held  at 
LPC  on  April  4  and  5  with  Mr.  Bill  Stewart,  Contracting  Officer's  Representa¬ 
tive,  USAMERDC.  Authority  to  proceed  with  fabrication  of  the  Development  ROPS 
and  reinforcement  hardware  was  granted  at  this  time.  Bids  were  received  and 
the  fabrication  contract  awarded  to  Tube-Lok  Products,  Portland,  Oregon  on 
April  9,  1973.  Fabrication  was  completed  on  4  May.  Figures  18,  19  and  20 
are  photographs  of  the  ROPS,  foot,  and  socket-reinforcement  details  as  they 
were  received  at  the  Potrero  Test  Facility. 

5.1.4  Testing 

The  development  testing  for  the  6,000  lb  forklift  ROPS  consisted  of  a  series 
of  tests  to  characterize  FOPS  mesh  and  tests  of  the  development  unit  to  SAE 
requirements.  Overload  tests  were  also  conducted  in  the  side  and  vertical 
directions. 

5. 1.4.1  Falling  Object  Protective  Structure  (FOPS)  Tests 

The  design  selection  of  steel  mesh  to  provide  FOPS  protection  was  based  on 
the  need  for  good  overhead  visibility,  a  requirement  for  forklift  operation. 
Since  steel  mesh  had  not  been  used  previously  in  this  application,  test  results 
were  not  available.  Also,  analytical  predictions  were  not  considered  to  be 
reliable  since  the  mesh  weave  complicates  the  geometry  and  makes  stiffness 
predictions  difficult. 

A  test  set-up  was  built  to  characterize  the  wire  mesh  to  meet  SAE  J231  FOPS 
requirements.  The  test  stand  was  made  with  4  x  4  x  1/4  square  tubes  spaced 
to  stimulate  the  support  members  of  the  ROPS  roof. 

Five  drop  tests  were  conducted,  and  the  results  are  summarized  in  Table  4. 

Tests  #2  and  #3  demonstrated  adequate  penetration  resistance  by  passing  the 
17  feet  drop,  but  neither  of  the  steels  met  the  '  ft-lb  Charpy  Vee  Notch 
Impact  test  requirement.  Figure  21  is  a  photograph  of  the  Test  #3  mesh  after 
the  17  feet  drop.  Hot  tolled  8620,  a  steel  which  exhibits  strength  and  elonga¬ 
tion  properties  similar  to  C1018,  was  used  for  the  development  ROPS  test. 
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Figure  18  -  Development  ROPS 
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Table  4,  FOPS  Test  Results 
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Figure  21  -  FOPS  Test  113  Post-Test  Condition 
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5. 1.4. 2  ROPS  Installation  for  Development  Test 

The  ROPS,  mounting  brackets  and  frame  reinforcement  details  were  Installed 
to  the  forklift  chassis  in  preparation  for  static  testing.  A  problem  with 
welding  vehicle  frame  reinforcements  was  uncovered  during  reinforcement 
Installation  associated  both  with  a  lengthy  Installation  time  and  frame 
distortion. 

Reinforcements  were  welded  to  the  chassis  by  a  certified  welder.  Approximately 
72  manhours  were  required  to  complete  the  welding  specified  in  the  installation 
assembly.  Drawing  No.  299025.  79  lbs  of  weld  material  were  deposited,  one 

quarter  of  which  was  required  to  weld  reinforcement  to  the  axle  mount  as 
shown  in  Figure  22  to  permit  this  member  to  carry  loads  across  the  vehicle. 

The  remainder  of  the  welds  were  used  to  Join  reinforcement  members  and  to 
attach  them  to  the  9-inch  channel  section  of  the  vehicle  frame  as  shown  In 
Figure  23.  The  Installation  time  and  weld  material  can  be  reduced  slightly 
by  modifying  the  weld  preparation  chamfers,  but  the  concept  of  reinforcing 
frame  members  will  require  considerable  welding. 

A  problem  with  controlling  distortion  in  the  chassis  was  encountered  during 
reinforcement  attachment.  At  the  location  of  the  mounting  brackets  the  9.0 
inch  chassis  side  channels  had  warped  approximately  G.5  inch  outward  at  the 
top  flange.  Distortion  was  due  primarily  to  rotation  of  the  channel  caused 
by  weld  shrinkage  of  the  large  weld  near  the  channel  base.  Some  channel  dis¬ 
tortion  was  also  noted  In  areas  forward  and  aft  of  the  mounting  bracket?. 

The  weld  distortion  of  the  channels  caused  cracking  of  the  engine  support 
brackets  and  Interference  with  ROPS  installation.  Attempts  to  straighten 
the  chassis  were  unsuccessful,  therefore  griming  approximately  0.25  inch  from 
the  side  plate  reinforcements  was  required  to  permit  Installation  of  the  ROPS. 
Removal  of  this  material  was  considered  to  have  negligible  effect  on  test  re¬ 
sults. 


5. 1.4. 3  ROPS  Development  Test 

Static  development  testing  was  performed  with  the  ROPS  and  reinforcements 
Installed  on  the  Type  "H"  6K  Forklift  on  May  29.  The  tests  were  witnessed 
by  W.  Stewart  and  S.  Newman  of  USAMERDC.  The  unit  passed  successfully  all 
SAE  requirements.  The  testing  (in  sequence  conducted)  with  significant 
requirements  and  results  is  summarized  as  follows: 

1.  A  500-lb  weight  was  dropped  17  feet  onto  the  steel  mesh  on 
top  of  the  ROPS  in  compliance  with  the  FOPS  requirements  of 
SAE  recommended  practice  J231.  The  weight  did  not  peuetiate 
the  top  of  the  critical  zone  (SAE  Recommended  Practice  J39?a) 

14.5  inches  below  the  mesh.  The  maximum  deflection  measured 
from  high  speed  movies  was  six  Inches.  Permanent  deformation 
of  1.38  inches  was  recorded  after  Che  test.  Figures  24  and  25 
show  the  pretest  and  post-test  condition  of  the  mesh  and  support¬ 
ing  structure.  It  should  be  noted  that  prior  to  this  test,  the 
8620  steel  mesh  passed  the  8  ft-lb  at  -20°F  Charpy  Vee  Notch  Test 
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Figure  22  -  Development  ROPS  Axle  Reinforcement  Weld  Detail 
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Figure  ?3  -  Development  HOPS  Frame  Kelnf orcement  und  Attachment  Weld 
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Figure  24  -  Development  HOPS  Structure  Before  FOPS  Test 
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requirement  with  a  full  size  (10  mm  x  10  mm)  specimen. 

2.  The  15,000  lb  side  load  and  122,000  in- lb  side  load  energy  require¬ 
ments  of  SAE  recommended  practice  J394a  were  met.  Figure  26 
shows  that  a  load  of  23,000  lb  was  reached  at  the  required  energy 
level  and  a  deflection  of  8.0  inches.  Figures  27  and  28  show  the 
pretest  and  post-test  condition  of  the  structure. 

3.  A  vertical  load  of  23,500  lb,  equal  to  the  vehicle  weight,  was 
imposed  at  the  geometric  center  of  the  ROPS  roof  as  required  by 
SAE  recommended  practice  J394a.  The  deflections  associated  with 
this  loading  are  shown  in  Figure  29.  The  structure  under  maximum 
loading  is  pictured  in  Figure  30. 

4.  The  ROPS  was  then  subjected  to  a  side  load  overtest.  The  results 
showing  a  side  load  capability  of  24,000  lb  corresponding  to  a 
deflection  of  12.5  inches  is  presented  in  Figure  31. 

5.  The  ROPS  was  then  subjected  to  a  vertical  load  overtest  to  determine 
the  load  capability  of  the  unit  before  the  critical  zone  was  invaded. 
Due  to  excessive  rotation  of  the  roof  under  load  and  the  attendant 
variation  in  the  load  direction,  data  obtained  in  the  test  must  be 
analyzed  to  accurately  establish  the  load  capability.  This  analysis 
will  be  conducted  during  the  contract  to  retrofit  a  ROPS  to  the  10,000 
lb  forklift  since  a  greater  vertical  load  capability  is  required  for 
this  vehicle. 

The  complete  Test  Report  is  presented  in  Appendix  6.3,  "Development  Test 
Results".  The  results  of  all  strain  and  deflection  measurements  are  con¬ 
tained  in  this  report. 

5.2  Prototype  Phase 

5.2.1  Design 

The  design  of  the  prototype  hardware  utilizes  the  development  ROPS,  but  the 
ROPS  attachment  structure  and  chassis  reinforcements  are  modified  to  permit 
bolting  to  the  vehicle.  The  decision  to  use  the  development  ROPS  design  was 
based  on  the  development  test  results  which  showed  that  the  unit  passed 
successfully  all  of  the  applicable  SAE  criteria.  Although  the  attachment 
structure  to  the  chassis  was  changed  significantly  to  accommodate  the  bolt-on 
concept  the  basic  design  features  of  the  development  unit  were  retained. 

This  modification  was  needed  to  eliminate  chassis  distortion  and  reduce  weld 
time  Incurred  during  installation  of  the  development  hardware. 

5. 2. 1.1  Roll  Over  Protective  Structure 

The  prototype  ROPS  is  shown  in  LPC  Drawing  No.  299024,  Revision  D,  Roll  Over 
Protective  Structure  for  6K  Forklift,  Figure  32.  As  previously  discussed, 
only  minor  changes  were  made  to  the  canopy  structure  used  for  the  development 
test. 
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Figure  30  -  Development  ROPS  Under  Vertical 

Loading  Requirement  of  23,500  pounds 


Figure  31  -  Development  ROPS  ac  Maximum  Side  Load 
Overtest  Condition 
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The  lifting  lugs,  located  previously  on  the  outboard  surfaces  of  the  main  roof 
members,  were  moved  to  the  inboard  side  of  the  same  support  members.  The  new 
position  decreases  the  overall  width  to  75.205  inch  from  83.375  inch.  With 
this  change  the  overall  width  of  the  vehicle  was  not  increased  by  the  ROPS 
retrofit.  The  lifting  lugs  are  attached  to  the  square  tubing  with  welds  on 
the  top  and  bottom  surfaces.  These  small  welds  will  withstand  the  weight 
of  the  ROPS  with  a  safety  factor  of  three,  but  are  sized  to  fall  under  the 
combined  weight  of  the  ROPS  and  vehicle.  Therefore,  the  potential  safety 
hazard  of  lifting  the  entire  vehicle  with  the  ROPS  is  avoided. 

The  configuration  and  material  of  the  ROPS  feet  were  changed  to  resolve 
clearance  problems  encountered  during  vehicle  operation.  During  a  flt-up 
check  with  a  wooden  mock-up  critical  areas  of  clearance  were  identified  as 
follows : 


1.  The  steering  drag  link  located  on  the  left  side  of  the  vehicle 
and  the  299239-509  side  plate  reinforcements. 

2.  The  steering  cylinder  located  on  the  right  side  of  the  vehicle 
and  the  forward  side  of  the  socket. 

3.  The  tire  and  299239-105  top  of  socket  at  the  outboard  edge. 

4.  The  tire  and  the  outboard  face  of  the  299024-137  post  feet. 

Each  of  these  Items  was  checked  under  various  combinations  of  steering  position 
and  articulation  of  the  vehicle.  The  design  guidelines  were  to  provide  0.5 
inch  clearance  between  vehicle  components  and  the  ROPS/ reinforcement  struc¬ 
ture.  An  exception  to  this  groundrule  is  the  tire  clearance  which  must  be 
1.0  inch  tq  provide  for  the  addition  of  tire  chains.  Actual  clearances 

obtained  are  as  follows: 

1.  An  0.5-lnch  clearance  is  provided  for  the  steering  drag  link 

2.  The  steering  cylinder  has  1.0  inch  clearance 

3.  The  tire  clears  the  socket  and  post  foot  by  1.25  Inch 

The  cross-section  of  the  post  feet  was  reduced  to  achieve  a  smaller  socket. 

The  width  was  reduced  to  2.600  inch  from  3.660  Inch.  The  length  of  the 
feet  was  increased  to  31.75  inch  from  18.0  inch  to  permit  shortening  the 
square  tubing  to  provide  clearance  with  the  tire. 

A  higher  strength  allowable  was  needed  for  the  post  feet  to  acconsaodate 
the  higher  applied  stresses  due  to  the  reduced  cross-section.  The  material 
was  changed  to  AISI  4340  steel  heat  treated  to  125,000  psl  minimum  ultimate 
tensile  strength.  To  preclude  weld  cracking,  special  requirements  for  welding 
were  specified  in  Note  12  of  Drawing  No.  2990240.  This  note  added  preheat, 
postheat  and  stress  relieving  requi resents  to  the  Welding  Specification 
DPSF100. 
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A  threaded  hole  was  provided  in  the  base  of  the  post  foot  of  the  procotype 
unit  to  accept  a  cap  screw  to  retain  the  foot  in  the  socket.  This  concept 
offered  several  design  simplifications  to  the  development  unit.  The  cap 
screw  replaced  the  machined  eye  bolt  and  nut.  The  machined  slot  in  the  foot 
of  the  development  unit  was  deleted.  The  tapped  hole  utilizes  fabrication 
techniques  more  commonly  used  by  ROPS  manufacturers. 

5. 2. 1.2  Attachment  Structure 

The  ROPS  attachment  structure  for  the  prototype  unit  is  shown  in  LPC 
Drawing  No.  299239,  Revision  E,  6K  Forklift  ROPS  Bolt-on  System  Attachment 
Structure,  Figure  33. 

In  the  development  unit,  the  frame  and  rear  axle  mount  were  strengthened 
by  welding  reinforcing  elements  to  provide  an  adequate  load  path  from  the 
vehicle  into  the  ROPS  and  to  develop  sufficient  strength  and  stiffness  to 
withstand  the  loads  imposed  on  the  ROPS.  While  making  maximum  use  of  the 
vehicle  structure,  this  approach  required  considerable  welding  at  the  time 
of  ROPS  installation  and  the  attachment  of  the  lor.g  frame  reinforcement 
member  caused  the  9-lnch  channel  comprising  the  frame  to  deform.  Because 
of  the  installation  time  and  distortion,  alternate  approaches  were  investi¬ 
gated  even  prior  to  the  development  test.  At  the  same  time,  modifications 
to  reduce  cost  developed  from  the  experience  of  fabricating  the  development 
unit  were  taken  into  account.  The  concept  developed  utilizes  the  forklift 
structure  primarily  as  a  load  path  between  the  vehicle  and  the  ROPS.  The 
axle  housing  is  not  utilized  to  transmit  loads  across  the  frame  as  in  the 
development  design.  The  attachment  structure  consists  of  integral  mounting 
brackets  and  cross-over  beam  and  frame  reinforcement  and  attach  plates. 

The  attach  plates  on  one  side  are  fabricated  as  part  of  the  mounting  bracket- 
beam  unit.  The  other  attach  plate  is  assembled  to  the  structure  at  the  time 
of  ROPS  installation  in  order  to  accommodate  vehicle  ficu-*.  width  tolerances. 

At  installation,  the  attach  plate  is  welded  to  the  mounting  bracket  at  the 
proper  location  and  28  holes  3/4"  in  diameter  are  drilled  into  the  frame  in 
line  with  holes  pre-drilled  in  the  attach  plates.  Bolting  completes  che 
Installation  of  the  structure  and  the  ROPS  canopy  then  is  attached  to  the 
mounting  bracket  in  the  same  manner  as  in  the  development  unit. 

5. 2. 1.3  Resilient  Pads 

Noise  suppression  and  vibration-shock  reduction  is  provided  with  resilient 
pads  specified  in  LPC  Drawing  No.  299029,  Kit  of  Resilient  Pads  for  ROPS  for 
6K  Forklift,  Figure  34.  Pads  are  placed  on  all  sides  of  the  sockets  to 
completely  Isolate  the  post  feet  from  metai-to-metal  contact  with  the  sockets. 
In  addition,  washer  pads  are  placed  under  the  heads  of  the  cap  screws. 

The  resilient  pad  material  is  Fabreeka.  This  is  a  specially  manufactured 
material  composed  of  layers  of  tightly  twisted,  closely  woven  cotton  duck 
impregnated  with  rubber.  The  physical  properties  of  Fabreeka  are  suited  to 
applications  of  shock,  vibracion  and  noise  reduction. 
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5. 2. 1.4  ROPS  Assembly 

The  assembly  of  the  ROPS,  sockets  and  chassis  reinforcements  mounted  on 
the  forklift  is  shown  on  LPC  Drawing  No.  299279,  Revision  A,  6K  Forklift 
Bolt-On  System  ROPS  Installation,  Figure  34a.  The  details  of  assembly 
procedure  are  specified  in  Service  Bulletin  112  called  out  as  Note  2  of 
the  drawing.  Additional  detail  parts  required  for  ROPS  installation  and 
called  out  on  Drawing  No.  299279A  are  shown  in  LPC  Drawing  No.  299572, 

Revision  A,  ROPS  Attachment  Parts  for  6K  Forklift,  Figure  34b. 

5.2.2  Structural  Analysis 

5. 2. 2.1  Analysis  Approach 

The  method  of  analysis  used  was  identical  to  the  method  used  on  the  develop¬ 
ment  unit  except  additional  analysis  was  performed  for  an  actual  rollover 
condition.  This  was  done  because  the  bolted-on  (prototype)  unit  develops 
higher  stresses  in  the  forklift  chassis  than  the  development  weld-on  design. 

To  perform  this  analysis  the  vehicle  mass  was  assumed  to  be  concentrated  at 
two  locations.  The  C.G.  of  one  of  the  mass  segments  was  located  In  the  center 
of  the  aft  vehicle  structure  and  the  other  was  located  at  the  center  of  the 
rorward  structure  70  inches  forward  of  the  ROPS  socket.  Then  the  frame  was 
analyzed  for  a  total  side  load  equal  to  tne  SAT  required  side  load  of  15,000 
lbs  applied  to  these  C.G.  locations  and  reacted  at  the  ROPS  socket  location. 

The  resulting  frame  stresses  exceeded  the  yield  strength  of  the  forklift 
frame.  However,  since  frame  yielding  was  felt  to  provide  an  additional  source 
for  developing  energy  and  clearance  and  Installation  problems  would  be  en¬ 
countered  with  larger  reinforcements,  the  reinforcement  size  was  maintained 
and  the  frame  was  allowed  to  yield. 

5. 2.2.2  Analysis  Results 

The  predicted  ROPS  side  load  vs.  deflection  curve  is  shown  in  Figure  35.  The 
long  foot  design  did  not  significantly  change  the  elastic  stiffness  of  the 
structure.  Therefore  the  elastic  and  transition  section  of  the  curve  is  based 
on  the  development  unit  test  data.  Since  ^he  long  foot  design  changes  the 
plastic  hinge  location,  the  ultimate  capability  was  recomputed  and  reduced  by 
an  actuator  rotation  factor.  The  ultimate  capability  was  then  given  a  load 
range  to  account  for  material  strength  variation  and  added  to  the  curve. 

The  predicted  ROPS  vertical  load  vs.  deflection  is  shown  in  Figure  36  and  is 
based  on  the  development  unit  test  data. 

The  structural  analysis  of  the  unit  is  given  in  Section  6.5  of  the  Appendix 
and  a  sunmiary  of  the  results  is  shown  in  Tables  5,  6,  and  7.  Table  5  is 
identical  to  Table  1  except  ratioed  for  a  slightly  higher  expected  maximum 
side  load,  P  of  33,300  lbs. 

Table  6  Is  a  susasaiy  of  frame  stresses.  Location  1  is  a  check  of  wcU  ->!ie<n 
between  the  socket  vertical  plates  and  bottom  plate.  Point  2  is  a  check  of  the 
outboard  area  of  the  socket  shearing  out  due  to  a  right  hand  side  load.  Note 


LOCKHIIO  PROPOUMON  COMPANY 


w 

Z 

O 

M 


-I 

U 

*—4 

H 

05 

U 


VTl 


684-f  -1 
15  January  1974 
Page  62 


v > 
U 
X 

c 

z 


z 

O 

P 

w 

-i 

U! 

a 


((.OH  ss  1  'avm  ivuij.y 3 a 


Figure  36  -  Predicted  FOPS  Vertical  Load  Deflection 
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that  for  an  actual  rollover,  the  side  load  may  be  applied  in  line  with  the 
ROPS  vertical  legs.  The  ROPS  then  can  develop  more  side  load  capability 
and  make  the  socket  more  critical.  Locations  3,4,5  are  crossbeam  bending 
stress  checks  for  the  ROPS  lower  fixity  moments,  and  M^. 

Table  7  is  a  sumary  of  stresses  due  to  frame  bending  moments.  Points  1 
through  3  are  local  bending  checks,  point  4  is  a  hole  bearing  check  at  the 
highest  bolt  load  location.  Location  5  through  7  are  additional  local  bending 
checks.  Location  1  is  a  rollover  check  of  the  forklift  frame  and  reinforce¬ 
ment  Jointly  carrying  the  SAE  required  side  load  of  15,000  lbs.  Location  5  is 
a  check  of  the  frame  at  the  edge  of  the  reinforcement  for  the  same  condition. 
The  stress  levels  of  102,000  psi  and  90,000  psi  are  predicting  yielding  at 
these  two  points.  The  rollover  test  conducted  on  this  unit  11  October  73 
did  produce  yielding  at  these  two  locations.  Therefore,  the  magnitude  of 
the  SAE  required  side  load  appears  to  be  similar  to  that  experienced  in  the 
rollover  test. 

5.2.2. 3  Comparison  with  Test  Results 

A  comparison  of  predicted  side  load  to  test  side  load  is  shown  in  Figure  37. 

A  comparison  of  predicted  vertical  load  to  test  vertical  load  is  shown  in 
Figure  38.  A  thorough  discussion  comparing  predicted  loads  to  test  loads  is 
given  in  Section  6.7,  "Analysis  of  Prototype  Test  Results".  In  summary,  the 
vertical  load  prediction  is  felt  to  be  sufficiently  accurate.  The  change  in 
socket  design  from  the  development  unit  did  not  affect  severely  foot  rotation 
in  the  socket.  Therefore  the  vertical  load  prediction  based  on  the  development 
test  was  accurate. 


The  change  in  socket  design  did,  however,  greatly  affect  foot  twisting  in  the 
socket  which  produced  a  sag  in  the  curve  and  made  the  elastic  curve  softer 
than  expected.  The  error  was  predicting  an  elastic  curve  based  on  the  6K 
development  test  instead  of  basing  the  elastic  curve  on  the  caterpillar  bed¬ 
plate  test  which  utilized  a  similar  socket  design.  Ultimate  capability  developed 
in  the  test  was  in  the  middle  of  the  predicted  range. 


Analysis  of  the  prototype  test  results  shows  that  not  only  the  non-linear  fixity 
mechanism  for  rotation,  discussed  in  Section  5. 1.2. 2,  Is  required,  but  a  non¬ 
linear  fixity  mechanism  for  foot  twisting  is  required  for  a  computer  model  of 
ROPS  structures  with  sockets.  These  points,  it  is  felt,  demonstrate  the  diffi¬ 
culty  in  predicting  the  ROPS  elastic  curve  for  ROPS  designs  with  sockets. 


A  review 
vertical 
Assuming 


of  the  strain  gage  data  indicates  material  yielding  only  in  the  ROPS 
ibes  and  in  the  ROPS  gussets  at  the  upper  end  of  the  vertical  tubes. 


ROPS  tube  F. 
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At  required  side  load  energy,  strain  gage  1  at  2400  7/  in/in  exceeded  the 
material  proportional  limit  and  strain  gage  2  at  39007/  in/in  reached 
material  yield  strength. 

One  of  the  two  strain  gages  on  the  gussets  recorded  the  highest  strain  in 
the  test.  At  required  side  load  energy,  gage  8  and  10  developed  3860  7/in/in 
and  -4750  H  in/in  respectively.  Assuming  ROPS  plate  “  40,000  psi, 

€  P.L.  =  40,000  =  13807/  in/ in 

29  x  10& 

(  Yield  =  1380  +  2000  =  3380 u  in/in 


Both  gages  exceeded  material  yield  strain  of  3 , 380 71  in/in.  However,  from 
LPC  Specification  EMSD103,  material  elongation  at  failure  is  20%  or, 
200,000  7/  in/in.  Therefore,  the  ROPS  structure  met  required  energy  at 


4750  x  100,  or  2%  of  failure  elongation 

200,000 

5.2.3  Fabrication 

The  Critical  Design  Review  (CDR)  for  the  6K  Prototype  ROPS  was  held  by  telecon 
with  S.  Newman  and  W.  Stewart  of  MERDC  cn  23  July  73.  Approval  was  given  by 
MERDC  for  LPC  to  proceed  with  fabrication  of  the  Prototype  hardware.  Bids 
were  received  and  the  fabrication  contract  awarded  to  Tube-Lok  Products, 
Portland,  Oregon  on  3  August  73  with  a  scheduled  delivery  date  of  20  August. 

During  fabrication,  a  dimensional  discrepancy  was  disclosed  on  the  drawings 
which  would  have  resulted  in  a  poor  fit-up  between  the  canopy  and  the  attach¬ 
ment  structure.  Since  the  canopy  was  built  and  part  of  the  attachment  struc¬ 
ture  was  also  completed,  it  was  decided  to  modify  the  attach  structure  dimen¬ 
sions  to  fit  the  canopy.  The  modification  would  permit  installation  on  the 
test  frame  but  would  not  be  maintained  on  the  production  design  because  it  did 
not  provide  latitude  for  the  band  of  frame  variations  expected  in  the  field. 

5.2.4  Certification  Testing 

The  certification  testing  for  the  6000  lb  forklift  ROPS  consisted  of  tests  to 
demonstrate  compliance  with  SAE  standards  for  falling  object  protection, 
side  load  force  and  energy,  and  vertical  load. 

5. 2. 4, 2  ROPS  Installation  for  Certification  Test 

The  ROPS  and  attachment  structure  were  installed  to  the  Type  "F"  chassis 
in  preparation  for  certification  testing  and  possible  usage  during  a  sub¬ 
sequent  roll  demonstration  test. 
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Upon  receipt  of  the  structure,  it  was  found  that  the  modification  made 
during  fabrication  to  correct  the  dimensional  discrepancy  resulted  in  a 
skewing  of  the  sockets,  and  there  was  interference  with  the  bar  through 
which  the  rear  wheels  are  attached  to  the  frame. 

The  bar  was  ground  off  to  permit  installation  after  it  was  determined  that 
the  material  to  be  removed  was  not  load  carrying  and  removal  would  not 
invalidate  the  test. 

During  the  installation  procedure,  time  for  each  operation  was  noted  and 
careful  observation  was  maintained  for  information  to  be  used  in  the  in¬ 
stallation  procedures.  Other  than  the  interference,  no  problems  developed 
during  installation. 

Tie  down  of  the  6K  frame  for  the  prototype  test  differed  from  the  develop¬ 
ment  test.  In  the  latter  test,  the  structure  was  attached  to  the  test  bay 
floor  by  tie  downs  welded  to  the  frame  reenforcement  structure  (see  Figure 
39).  After  review  of  this  method  with  some  members  of  the  SAE  sub-committee 
12  (Vehicle  Test  Codes)  on  tour  of  our  facility,  it  was  decided  that  a  more 
realistic  load  path  would  be  developed  if  the  axles  were  attached  to  the 
floor  and  the  axles  were  blocked  to  the  vehicle  frame.  Figures  40  and  41 
show  the  tie-downs  at  the  rear  wheels  and  Figure  42  shows  the  conditions  at 
the  front  wheels. 

5. 2. 4. 3  ROPS  Certification  Test 

Static  certification  testing  was  performed  with  the  prototype  ROPS  and 
reinforcements  installed  on  the  Type  "F"  6K  Forklift  on  August  28.  The 
tests  were  witnessed  by  W.  Stewart  and  S.  Newman  of  USAMERDC.  The  unit 
passed  successfully  all  SAE  requirements.  The  testing  (in  sequence  con¬ 
ducted)  with  significant  requirements  and  results  is  summarized  as  follows: 

1.  A  500-lb  weight  was  dropped  17  feet  onto  the  steel  mesh  on 
top  of  the  ROPS  In  compliance  with  the  FOPS  requirements 

of  SAE  recommended  practice  J231.  Figure  43  shows  the  .nit 
in  the  test  bay  just  prior  to  dropping  the  weight  for  the 
FOPS  test.  The  weight  did  not  penetrate  the  top  of  the  critical 
zone  (SAE  Recommended  Practice  J297a)  14.5  inches  below  the 
mesh.  The  structure  deflected  6.18  inches  upon  impact  oi  the 
weight  as  measured  from  the  high  speed  movies.  Post-test  examina¬ 
tion  disclosed  a  small  crack  in  the  weld  of  one  of  the  screen  bars, 
and  a  deformation  of  1.34  inches  of  the  screen.  Figuie  44  shows 
the  screen  after  impact. 

2.  A  test  was  conducted  to  show  compliance  with  the  15,000  lb  side 
load  and  122,000  in-lb  side  load  energy  requirements  of  SAE 
Recommended  Practice  J294a. 

Figure  45  shows  tve  load  deflection  curve  for  the  side  loading  condition  and 
indicates  the  structural  adequacy  for  both  the  side  load  and  energy  require¬ 
ments.  The  slope  of  the  deflection  curve  indicates  a  softer  system  than  had 
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Figure  39  -  Development  Test  Tie-Down 
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Figure  41  -  Prototype  Test  Hear  Wheel  Tie  Down 


Figure  42  -  Prototype  Test  Front  Wheel  Tie  Down 
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figure  44  -  Prototype  Test  -  Protective  Screen  after  FOPS  test 
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Figure  45  -  Side  Load  Test  Results 


been  noted  in  the  development  tests. 
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Careful  consideration  of  the  data  Indicated  that  the  tolerances  and  design 
of  the  foot  and  socket  had  taken  us  out  of  the  range  of  design  characteristics 
of  the  development  unit.  Analysis  of  the  previous  design  had  varied  the 
fixity  of  the  lower  end  of  the  vertical  legs  in  bending  between  pinned  and 
fixed.  Torsional  rotation  of  the  lower  end  was  held  to  be  negligible,  an 
assumption  in  keeping  with  observed  performance.  In  the  prototype  unit, 
however,  the  loosened  tolerances  and  configuration  of  the  foot  and  socket 
permitted  enough  torsional  rotation  to  have  art  effect  on  deflection.  Analyti* 
cal  considerations  are  presented  in  Appendix  6.7  where  it  is  shown  that  with 
the  inclusion  of  torsional  rotation  in  the  analysis,  the  deflection  observed 
is  predictable.  It  should  also  be  noted  that  the  torsional  stiffness  of  the 
attach  points  contributed  to  the  low  initial  stiffness  observed  during  the 
Caterpillar  810MB  and  Clark  290M  ROPS  teats  and  is  much  more  significant 
for  2  post  designs  than  for  4  post.  Figure  46  shows  the  vehicle  at  the  maxi¬ 
mum  test  load  condition. 

Review  of  strain  data  from  the  prototype  test  indicates  higher  strain  than 
observed  in  the  development  test.  Canopy  gussets  in  the  prototype  test 
were  in  the  material  yield  range  as  was  or.e  of  the  vertical  tubes  at  its 
upper  end  whereas  all  points  were  within  material  yield  stress  in  the  develop¬ 
ment  test.  The  level  of  strains  reached  are  acceptable  since  maximum  strain 
observed  was  only  21  of  the  minimum  material  capability  and  no  excessive  dis¬ 
tortion  was  noted  in  the  ROPS.  The  change  in  strain  from  the  development  test 
can  be  attributed  to  movement  of  the  prototype  foot  in  the  socket  which  causes 
higher  moments  in  the  upper  ends  of  the  tube  than  in  the  development  design 
and  is  discussed  in  greater  detail  in  Section  5. 2. 2. 3  and  Appendix  6.7. 

3.  A  vertical  load  of  23,500  lb,  equal  to  the  vehicle  weight, 
was  imposed  at  the  geometric  center  of  the  ROPS  roof  as 
required  by  SAE  Recoamended  Practice  J394a.  Vertical  test 
loading  results  are  9hown  in  Figure  47  and  Figure  48  shows 
the  vehicle  under  maximum  load.  Adequacy  for  this  loading 
condition  is  evident  in  both  of  these  figures. 

Upon  completion  of  the  certification  test,  some  of  the  loading  conditions  were 
repeated  with  instrumentation  located  to  obtain  better  definition  of  movement 
of  the  structure.  These  data  are  to  assist  in  analysis  of  the  deflection 
characteristics  of  the  ROPS. 

After  the  certification  test,  the  prototype  unit  was  completely  disassembled 
from  the  vehicle  and  an  overall  visual  inspection  and  dye  penetrant  inspec¬ 
tion  of  all  veids  were  performed,  A  slight  crack  was  found  in  the  weld 
between  the  vehicle  frame  and  the  bar  which  attaches  the  rear  wheel  structure 
to  the  frame.  This  area  had  been  ground  away  to  accommodate  a  dimensional 
discrepancy  of  the  prototype  ROPS  attach  structure.  All  ocher  vehicle  and 
ROPS  areas  were  sound. 

5.3  Field  Rollover  Tesr 

5.3.1  Roll  Analysis  and  Vehicle  Preparation 

The  roll  starting  position  used  was  chosen  from  five  different  potential 
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f  l«uu'  '**>  -  Prototype  Test  -  Maximum  Side  Load 


Figure  47  -  Vertical  Load  Teat  Results 
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starting  positions  for  producing  the  most  realistic  ROPS  ro] 1  loads  and  for  pro¬ 
viding  the  greatest  probability  to  induce  a  360-degree  roll.  After  the  starting 
position  was  chosen,  a  dynamics  analysis  was  performed  to  determine  the  required 
dropping  height  to  complete  the  first  roll.  The  analysis  approach  was  to  assume 
the  energy  developed  from  the  initial  drop  plus  roll  had  to  be  equal  or  greater 
than  the  energy  required  to  raise  the  vehicle  up  and  over  the  ROPS  plus  system 
energy  losses.  Since  a  roll  experiences  both  side  and  vertical  loads,  system 
losses  were  assumed  to  be  equal  to  the  energy  developed  during  the  SA£  side  load 
test  plus  the  SAE  vertical  load  test.  The  analysis  indicated  the  uphill  wheel 
should  be  at  least  16  inches  vertically  above  the  plane  of  the  32°  hill  with  the 
vehicle  tilted  sc  the  C.C.  is  approximately  over  the  uphill  wheels. 

Before  the  roll  test,  a  slight  crack  was  found  in  a  vehicle  weld,  as  noted  in 
Section  5.2.4. 3.  lhis  weld  was  ground  to  remove  all  indications  of  the  crack 
and  rewelded  to  the  original  configuration.  Since  all  of  the  vehicle  and 
ROPS  structure  was  sound,  the  decision  was  made  to  roll  the  ROPS  and  Type  "F" 
vehicle  from  the  certification  test 

5.3.2  Roll  Test 

On  October  11th,  the  roll-cver  teat  was  contacted  at  rho  U>c  Potr°r0  facl’itv. 
The  vehicle  was  suspended  over  the  test  slope  with  its  RH  wheels  on  a  platform. 
The  cable  holding  the  vehicle  in  this  position  was  released  and  the  left  side 
of  ttie  forklift  dropped  onto  the  slope  to  start  the  roll.  Figure  49  shows 
the  roll  sequence  from  still  photos  taken  every  1/4  second.  Deflection  of 
the  HOPS  is  evident  in  the  5th  and  6th  views  from  the  combined  side  and  verti¬ 
cal  loading.  The  7th  and  8th  views  show  that  in  uie  inverted  position  the 
1— d  us  imposed  on  the  forward  part  of  the  ROPS.  As  the  forklift  goes  from 
the  1/2  to  3/4  roll  position,  the  aft  end  begins  to  go  farther  down  hill  than 
the  forward  end  so  that  in  the  11th  view,  an  end-over-end  roll  starts  which 
imposes  forward  and  vertical  loads  on  the  ROPS.  This  roll  continues  until 
the  vehicle  is  back  on  its  wheels,  just  after  the  last  picture  in  the  sequence. 
Figure  50  shows  the  condition  of  the  ROPS  after  this  test.  This  same  ROPS  had 
been  used  In  the  prototype  certification  test  and  had  some  residual  deformation, 
but  most  of  the  deformation  seen  in  these  figures  came  from  the  roll.  Although 
there  was  more  damage  than  in  the  certification  static  tests,  the  adequacy  of 
the  two-post  design  was  substantiated  by  the  severe  conditions  imposed  on  the 
ROPS  in  the  roll  test.  The  roll  started  by  the  left  wheels  dropping  110  inches 
before  hitting  the  slope,  which  was  inclined  32  degrees  and  was  100  ft  long. 

The  end-over-end  roll  was  so  severe  that  the  shock  of  the  last  impact  caused 
the  counterweight  to  break  loose.  The  structure  holding  the  seat  and  operating 
controls  was  loosened  and  tilted  over  although  it  is  possible  that  some  of  the 
bolts  holding  this  structure  may  have  been  missing  before  the  test. 

5  4  .'.’'PR  Installation  and  Delivery 

A  ROP5  system  was  installed  on  a  type  A  Forklift  to  check  out  the  installation 
instructions  and  to  provide  a  system  for  performance  testing  at  USAMERDC. 

The  time  required  for  the  various  operations  was: 
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1. 

Chassis  preparation 

10  manhours 

2. 

Installation  of  attachment 
(includes  8  hours  weJding) 

structure 

24 

3. 

Installation  of  ROPS 

3 

4. 

Re-installation  of  vehicle 

components 

16 

53  manhours 


Not  included  in  this  figure  are  approximately  12  man-hours  required  to  rework 
metal  parts  such  as  the  fenders.  Since  the  method  of  rework  was  developed 
during  the  process  of  modifying  these  items,  the  time  spent  is  not  representa¬ 
tive  of  that  now  required  with  the  instructions  available.  Figure  51  shows 
the  right  rear  portion  of  the  vehicle  with  the  tie  down  removed  ready  for 
fit-up  of  the  attachment  structure.  Figure  52  shows  the  attachment  structure 
being  located  for  installation.  Figure  53  show  the  ROPS  installed  and  ready 
for  use  on  the  forklift.  This  unit  was  shipped  by  conmercial  truck  to  MERDC 
on  October  30. 

The  complete  installation  instructions  are  included  in  Appendix  6.8. 

The  ROPS  system  to  be  used  by  USAMERDC  personnel  for  early  service  experience 
in  ROPS  installation  was  shipped  from  Portland,  Oregon  on  October  4th  and 
delivered  to  Ft.  Belvoir  on  October  24th. 
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APPENDIX  6.1.1 

MATERIAL  SPECIFICATION  EMSD103, 
STEEL,  CARBON,  HIGH  STRENGTH 
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STEEL.  CARBON,  HIGH  STRENGTH 

1.  SCOPE 

1.  1  This  specification  covers  the  requirements  for  structural 

steel  with  low-temperature  impact  strength  properties  intended  for  use 
in  roll  over  protective  structures. 


Propulsion 

Company 


EMSD103 
30  October 
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SERIAL  SPECIFICATION 


2.  APPLICABLE  DOCUMENTS 

2.  1  The  following  documents  form  a  part  of  this  specification 
to  the  extent  specified  herein.  Unless  otherwise  indicated,  the  latest 
revision  shall  apply. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (AST M) 


Spe  c  if  ica  tiona 


ASTM  A  6 

ASTM  A  20 

ASTM  A  370 

ASTM  A  516 

ASTM  A  593 

(Application  for  copies  should  be 
Society  for  Testing  and  Materials, 
Pennsylvania  19103. ) 


General  Requirements  for 
Delivery  of  Rolled  Steel  Plates, 
Shapes,  Sheet  Piling,  and  Bars 
for  Structural  Use 

General  Requirements  for 
Delivery  of  Steel  Plates  for 
Pressure  Vessels 

Mechanical  Testing  of  Steel 
Products,  Methods  and 
Definitions  for 

Carbon  Steel  Plates  for  Pressure 
vessels  for  Moderate  and  Lower 
Temperature  Service 

Charpy  V-Notch  Testing  Require¬ 
ments  for  Steel  Plates  for  Pressor-- 
ve  ssel s 

ddressed  fo  the  American 
1916  Race  Street,  Philadelphia, 


wmmm 

wmmmM 
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3.  REQUIREMENTS 

3.  1  Mater  ial .  Steel  furnished  under  this  specification  shall 
meet  the  requirements  specified  herein  and  ASTM  A  516,  Grade  65,  or 
Grade  7  0.  In  the  event  of  a  conflict,  the  requirements  herein  apply, 

3.  2  Chemical  composition.  The  composition  shall  comply 

with  the  following: 


Carbon,  percent 
Manganese,  percent 
S  i  1  i  c  on 
Sulfur 
Phosphorus 


0.  26  maximum 
0.  85  to  1.  20 
a 

0.  04  maximum 
0.  05  maximum 


♦  Silicon  killed  fine  grain  practice  for  improved 
notch  toughness. 

3.  3  Mechanical  properties.  The  mechanical  properties  shall 
be  as  follows: 


Tensile 


Tensile  strength,  psi 
Yield  point,  psi 


70,  000  to  90.  000 
38,000  minimum 


Elongation  in  2  20  minimum 

inches,  percent 


Impact  (Tested  by  the  Charpy  V-notch  method 
in  accordance  with  ASTM  A  593.  ) 


Specimen  Size 

10  mm  x  10  mm 
10  mm  x  5  mm 
10  mm  x  2.  5  mm 


Test  temperature 

-20°F  ( - 3 0°C ) 

-5  0°F  (-45°C) 
-70°F  (-57°C) 


Impact  va  lue. 
Minimu  n 

8  ft  lb.  (10.  8J> 
5  ft.  lb  6.  8J ) 

2  ft.  lb.  (2  7 J ) 


3.  4  Manufacturing  tolerances,  surface  condition,  and 

workmanship  shall  be  in  accordance  with  either  ASTM  A  6  or 
ASTM  A  20. 

4.  QUALITY  VERIFICATION 

1  Ce r tif ica tions ■  Compliance  with  the  specified  requirements 

shall  be  verified  for  each  heat  or  heat  lot  by  certified  test  results  from  the 
supplier. 
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APPENDIX  6.1.2 

MATERIAL  SPECIFICATION  EMSD104 , 
STEEL  TUBING,  CARBON 
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MATERIAL  SPECIFICATION 
STEEL  TUBING,  CARBON 


1.  SCOPE 

1.  1  This  specification  covers  the  requirements  for  square, 

rectangular,  and  round  structural  steel  tubing  with  low-temperature 
impact  strength  properties  intended  for  use  in  roll  over  protective 
str  act  urea 


l,  APPLICABLE  DOCUMENTS 


l.  1  The  following  documents  form  a  part  ol  this  specification 
to  the  extent  specified  herein.  Unless  otherwise  indicated,  the  latest 
revision  shall  apply. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 


Specifications 


ASTM  A  37  0 


ASTM  A  500 


ASTM  A  5 C 1 


(Application  for  copies 
Society  for  Testing  and 
Philadelphia,  Pennsylvania 


Mechanical  Testing  of 
Steel  Products,  Methods 
and  Definitions  for 

Cold-formed  Welded  and 
Seamless  Carbon  Steel 
Structural  Tubing  in 
Rounds  and  Shapes 

Hot-formed  Welded  and 
Seamless  Carbon  Steel 
Structural  TubL.g 


should  be  addressed  to  the  American 
Materials,  1916  Race  Street, 

19103, ) 
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3.  REQUIREMENTS 

3.  1  Material.  Steel  furnished  under  this  specification  shall 
meet  the  requirements  specified  herein  and  either  ASTM  A  500  or 
ASTM  A  501.  In  the  event  of  a  conflict,  the  requirements  herein  apply. 

3.2  Chemical  composition.  The  composition  shall  be  in 
accordance  with  ASTM  A  500  or  ASTM  A  501. 

3.  3  Mechanical  properties.  The  mechanical  properties  shall 

be  as  follows:  ™ 


Tensile 

60,000  to  80,000 
50.  000  minimun 
20  minimum 

percent 


Tensile  strength,  psi 
Yield  point,  psi 
Elongation  in  2  inches. 


Impact  (Tested  by  the  Charpy  V-notch  method  in 
accordance  with  ASTM  A  370.  ) 


Specimen  size 
10  mm  x  10  mm 
10  mm  x  5  mm 
10  mm  x  2.  5  mm 


Test  temperature 
-20°F  (-30°C) 

-5 0°F  (-45°C) 
-70°F  (-57°C) 


Impact  value, 
Minimum 

8  ft.  lb.  (10.  8J) 

5  ft.  lb.  (6.  8J ) 

2  ft.  lb.  (2.  7J) 


3.4  Manufacturing  tolerances,  surface  condition,  and  workmanship 
shall  be  in  accordance  with  either  ASTM  A  500  or  ASTM  A  501. 


4.  QUALITY  VERIFICATION 

4.  1  Certifications.  Compliance  with  the  specified  requirements 

shall  be  verified  for  each  heat  or  heat  lot  by  certified  test  results  from 
the  supplier. 
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APPENDIX  6.1.3 

PROCESS  SPECIFICATION  DPSF100, 
WELDING  REQUIREMENTS  FOR  ROLLOVER 
PROTECTIVE  STRUCTURES 
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DPSF100 
6  November  1972 


PROCESS  SPECIFICATION 

WELDING  REQUIREMENTS  FOR  ROLL  OVER 
PROTECTIVE  STRUCTURES 


1  SCOPE 

1.  I  This  specification  covers  the  requiremen  s  for  weld 
fabrication  of  roll  over  protective  structures. 


2  APPLICABLE  DOCUMENTS 

2.  i  The  following  documents  form  a  part  of  this  specification 
to  the  extent  specified  herein.  Unless  otherwise  indicated,  the  latest 
revision  shall  apply. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 
Specifications 

ASTM  A  233  Mild  Steel  Arc  -  Welding 

Electrodes,  Specif ication  for 

ASTM  A  559  Mild  Steel  Electrodes  for  Gas 

Metal-arc  Welding,  Specification 
for 

(Application  for  copies  should  be  addressed  to  the  American  Society 
for  Testing  and  Materials,  1916  Race  Street.  Philadelphia, 
Pennsylvania  19103  ) 
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AMERICAN  WELDING  SOCIETY  (AWS) 

Specification! 

AWS  A5.  1  Specification*  for  Mild  Steel 

Covered  Arc  Welding  Electrodes 

AWS  A5.  18  Specification  for  Mild  Steel 

Electrodes  for  Gas  Metal-arc 
Welding 

(Application  for  copies  should  be  addressed  to  the  American 
Welding  Society,  Inc  .  345  East  47th  Street,  New  York. 

New  York  10017.  ) 


3  REQUIREMENTS 

3  1  Qualification  of  welders.  Before  assigning  any  welder  to 
manual  welding  work  tlie  supplier  shall  furnish  to  the  procuring  activity 
certification  that  the  welder  has  passed  qualification  testing  as  prescribed 
by  any  of  the  following  listed  codes  for  the  type  of  welding  operation  to  be 
performed  Such  qualification  shall  have  current  effectivity  as  defined  by 
the  particular  code 

(a)  Standard  Qualification  Procedure  of  the  American 
Welding  Society 

(b)  Welding  Qualification  of  the  ASME  Boiler  and 
Pressure  Vessel  Code 

3.  2  Mater  ials . 

3  2  1  Base  me tals .  The  base  metals  to  be  welded  in  accordance 
with  this  spec  if  ication  are  structural  steel  . and  castings  as  specified  on  the 
appl  icable  drawing. 

3  2  2  Filler  metals.  Filler  metals  shall  be  as  follows: 

>»)  Shielded  Metal-arc  Welding  --  Use  ASTM  A  233, 

■  Uss  E7tflB  or  AWS  A5.  1.  Claes  E7018 

(b)  Gas  Metal-arc  Welding  --  Use  ASTM  A  559 
Class tTub-b  or  E70T-5;  or  AWS  A5  18-69 
Class  E70S-6  or  E7CT-5 

3  3  Equipment 

3  3  1  Arc  welding  machines  Arc  welding  machines  shall  be 
demonstrated  to  show  ability  to  consistently  reproduce  machine  setting 
variables  within  their  usable  range.  Machines  shall  be  provided  with 
suitable  means  of  controlling  output  variables. 


2 
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3  3.  2  Gaa  welding  equipment.  Gas  welding  equipment,  such  as 
torches  and  regulators,  shall  be  of  a  standard  type  which  have  demonstrated 
ability  to  perform  the  functio  ts  intended  and  shall  be  capable  of  maintaining 
a  uniform  flame 

3.  3.  3  Calibration  of  equipment  Sufficient  calibration  of  machine 
setting  variables  shall  be  maintained  on  all  welding  equipment  so  as  to 
assure  the  reproducibility  and  the  operational  consistency  of  established 
production  weld  settings. 

3.3.4  Supporting  equipment.  Jigs,  clamping  devices,  and  tack 
welding  shall  be  used  whenever  necessary  to  prevent  carping  and  ensure 
proper  alignment  of  parts. 

3  4  Welding  method.  Welding  shall  tie  performed  by  either  the 
ohielded  metal-arc  or  gas  metal-arc  process  Welding  6hall  be  performed 
in  any  position  necessary  to  achieve  a  satisfactory  weldment 

3  4  1  Gleaning  All  weld  zone  areas  of  parts  shall  be  free  from 
rust,  scale,  paint,  grease,  and  other  foreign  matter  All  slag  and  spatter 
shall  be  completely  removed  from  each  weld  bead  before  depositing  the 
next  successive  bead  When  a  through-weld  is  to  be  obtained  by  welding 
both  aides  of  a  joint,  the  root  of  the  fir6t  weld  shall  be  chipped  or  ground 
to  sound  metal  before  welding  the  second  side 

3.4  2  Weld  joint  fit-up.  Weld  joint  fit-up  shall  be  such  that  the 
configuration  requirements  of  the  applicable  drawing  are  met 

3  5  Weld  quality 

3  5  1  Workmanship.  Finished  welds  shall  be  smooth  and  free  of 
undercutting  All  undercutting  shall  be  removed  or  faired  in  by  grinding. 
Weld  beads  shall  be  uniform  in  width  and  shall  be  smooth  and  spatter  free 

3  5  2  Surface  defects.  Any  c.’acks  or  porosity  on  the  surface  of 
a  weld  bead  shall  be  removed  by  grinding  before  depositing  the  next 
successive  bead 


4  QUALITY  VERIFICATION 

4.  1  Inspection  All  welds  shall  be  visually  inspected  to  verify 
compliance  with  this  specification 
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APPENDIX  6.2 


STRUCTURAL  ANALYSIS  OF  DEVELOPMENT  UNIT 
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TR-684-050 


LOCKHEED  1’ROi‘UI.S  J  ON  COMPANY 
POTR.'RO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DESCRIPTION 


TEST  SPECIMEN  Two-post  ROPS 


TEST  TYPE  FOPS, 

Horizontal  and  Vertical  Loading 

TEST  DATE  29  May 

and  6  June  1973 

TEST  TEMPERTATURE 

96  -  106  °F 

ITC  WORK  ORDER 

684-7-44 

TEST  RESULTS 

The  6K  forklift  chassis  was  modified  in  accordance  with  LPC  Drawing 
299025.  The  chassis  was  mounted  in  the  test  bay  in  compliance 
with  SAE  Technical  Report  J-394A.  The  tiedown  arrangement  is 
shown  in  Drawing  299025. 

The  five-inch  ROPS  was  installed  on  the  chassis  with  two  each  1^" 
bolts  and  torqued  as  for  field  service. 

The  FOPS  test  made  use  of  high  speed  movies  to  ensure  that  the 
critical  zone  was  not  violated  during  the  FOPS  test.  Deflection 
of  the  ROPS  would  be  measured  by  a  photo  target  grid  that  was 
mounted  beyond  the  ROPS  in  view  of  the  camera. 

FOPS 


Solid  wooden  forms  representing  the  critical  zone  were  installed 
in  the  ROPS  to  aid  in  the  final  determination  of  success  or  failure. 
The  critical  zone  was  installed  per  SAE  J-397A  and  LPC  Drawing  299025. 

A  500-pound  standard  drop  object  was  positioned  over  the  ROPS, 
raised  17  feet  and  dropped.  There  was  no  violation  of  the  critical 
zone . 


HORIZONTAL  LOADING 


A  load  application  system  consisting  of  one 
ram  was  installed  to  contact  the  ROPS  roof 
The  test  setup  is  shown  in  Figure  1. 


/UU, 000- pound 
for  horizontal 


hydraul  ic 

loading . 


Papa  141 

The  test  operations  procedure  is  presented  on  pages  5  through  8. 

One  fourteen- inch  linear  potentiometer  was  utilized  to  measure 
deflection  at  the  point  of  load  application. 

The  force  and  deflection  measurements  were  displayed  in  digital 
format  for  monitoring  during  the  test  and  were  also  recorded  at 
each  deflection  increment. 

A  total  of  40  strain  measurements  were  recorded  during  the  hori¬ 
zontal  loading  to  monitor  the  ROPS  deformation.  The  strain  gage 
locations  are  shown  on  Drawing  299023.  The  strain  gage  data  are 
presented  in  Addendum  I. 

In  addition,  3  optical  deflection  measurements  were  taken  in 
accordance  with  Drawing  SK-684-118  to  monitor  the  test  progress. 
These  deflection  readings  are  presented  on  page  9. 

Steel  scales  were  installed  on  the  ROPS  and  read  with  a  surveyor's 
transit  to  measure  deflection.  These  readings  are  presented  on 
page  9. 

The  load  was  applied,  as  required,  to  produce  approximate  one- 
half  inch  deflection  increments  during  the  initial  loading.  At 
3.1  inchc deflection  the  minimum  force  requirement  was  met. 

At  8.0  inches,  the  minimum  energy  requirement  was  met  and  the 
horizontal  load  test  was  terminated.  A  plot  of  force  versus 
deflection  is  shown  in  Figure  2 . from  data  on  page  10. 

At  full  load  and  deflection,  the  critical  zone  was  not  violated. 


VERTICAL  LOAD 


The  load  column  was  aligned  with  the  geometric  center  of  the  ROPS 
with  a  load  beam  to  distribute  the  load  laterally  across  the  top 
surface  of  the  ROPS. 

The  camera  target  was  installed  and  camera  position  was  noted  to 
calculate  the  deflection  for  each  of  the  6  load  points.  Strain 
gage  data  was  also  recorded  and  are  presented  in  Addendum  II. 

The  full  load  position  is  shown  in  Figure  3,  and  shows  that  the 
critical  zone  was  not  violated  during  the  vertical  test. 

HORIZONTAL  OVERTEST 


Following  compliance  to  SAE  requirements,  the  horizontal  load 
system  was  reinstalled.  The  test  was  performed  for  engineering 
evaluation.  The  test  was  continued  until  a  deflection  increase 
could  be  accomplished  without  an  increase  in  force.  The  maximum 
recorded  load  was  24,000  pounds.  Strain  gage  data  were  recorded 
but  not  reduced. 


VERTICAL  OVERTEST 


6S4-J--1 
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To  complete  the  test  on  the  6K  forklift  ROPS ,  a  vertical  overtest 
was  conducted  on  6  June  1973.  This  test  was  conducted  for  engi¬ 
neering  evaluation.  The  purpose  of  this  test  was  to  determine 
the  load  capability  of  the  unit  bafore  the  critical  zone  was  invaded. 
Strain  gage  data  was  recorded  but  not  reduced.  The  test  was  ter¬ 
minated  when  the  loading  distribution  plate  slipped. 
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LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
EQUIPMENT  LIST 


Hydraulic  Ram  (Horizontal) 
Hydraulic  Ram  (Vertical) 

Load  Cell  (Horizontal) 

Load  Cell  (Vertical) 
Displacement  Transducers 

Data  Acquisition  System 

OPTIONAL  EQUIPMENT 

Strain  Gages 

Thermocouple  Potentiometer 
Conditioning  Box  Controller 
MEASUREMENT  ACCURACY 


700K,  Pickens  Inc.  9480-18-3683 
18- inch  stroke 

300K,  Rodgers  Hydraulic,  Part 
Number  1-150  BR-7^,  7%-inch 
stroke 

Ormond  L-25-50K-557 

Ormond  L-25-50K-557 

1  each  14- inch,  3  each  Starrett 
Dial  Indicators  and  3  each 
18- inch  scales,  and  1  Bourns 
2001081615  potentiometers 

Beckman  210,  84-channel  Digital 
Data  System 


BLH  FAP-12-12  or  equivalent 


The  measurement  systems  and  devices  utilized  in  support  of  this 
test  program  are  periodically  maintained  and  calibrated  to  assure 
the  following  steady  state  accuracies.  Instrument  calibrations 
are  traceable  to  the  National  Bureau  of  Standards. 

+1  percent 
+2  percent 
+5°F 


Force 

Displacement 

Temperature 
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3.0  TEST  OPERATIONS 

3. 1  Preliminary  Preparations 

•.  3.1,1  Install  chassis  reinforcements  per  assern-^ 

bly  drawing  299025.  (Certified  welder  1 
required.) 

3.1.2  Install  90  post  yield  strain  gages  as 
shown  on  special  red- lined  drawing  299025,  : 

i.  3.1.3  Install  the  vehicle  chassis  in  the  test  v 

bay  by  welding  per  drawing  299025,  ] 

3.1.9  Install  the  ROPS  299026  into  the  socket  ^  r 

mounts  299027  and  torque  the  eye  bolts  t 

to  500+90  foot-pounds.  1 

3.1.5  Paint  the  assembly  as  required.  Colors:  | 

chassis  -  olive  drab;  ROPS  -  yellow;  •  - 

tie-down  fixtures  -  gray. 

- 

3.1.6  Install  the  critical  2one  per  SAE  J-397A  , 
and  drawing  299025. 

3.1.7  Prepare  two  2’  x  S'  photo  targets  by  „  [ 

carefully  applying  1"  black  tape  to  a 
white  background  as  shown  in  Figure  1. 

3.2  FOPS  TEST 

3.2.1  Attach  the  500-pound  drop  weight  to  a 
mobile  crane  using  an  electrically  oper¬ 
ated  bomb  release, 

3.2.2  Conduct  sufficient  practice  drops  on  >  , 

clear  ground  to  ensure  reliable  release  and 
good  vertical  attitude  at  the  proposed 
impact  point. 

3.2.3  Position  .he  drop  weight  at  the  center 
of  the  ROPS  section  covered  with  wire 
mesh. 

3.2.9  Set  up  documentary  movie  cameras  to 
record  the  drop  sequence. 


I*U| 
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TEST  OPERATIONS  (Continued) 

3.2.5  Install  one  photo  target  horizontally 
on  the  wall  behind  the  critical  zone  to 
record  the  dynamic  deflection  of  the 
steel  mesh. 

3.2.6  Install  a  1"  diameter  x  6"  long  probe 
(approximate  dimensions)  extending  down-' 
ward  under  the  drop  point  to  be  viewed 
by  the  high  speed  camera.  Attach  with 
wire,  do  not  weld. 

3.2.7  Position  the  200  pps  movie  camera  viewing,, 
the  target  grid  at  the  same  level  as  the 
critical  zone  top.  See  sketch,  Figure  2. 

3.2.8  Raise  the  weight  17  feet  above  the  ROPS 
roof  and  conduct  the  ROPS  test  per  SAP  ^ 
J-231. 

3.2.9  Ensure  the  critical  zone  has  not  been 
violated.  Take  post  test  photographs 
per  test  engineer  direction. 

3.2.10  If  the  deformed  wire  mesh  is  too  close 
to  the  critical  zone  to  conduct  the  L' 
horizontal  load  test,  restore  it  to  the 
original  minimum  level. 

3. 3  Horizontal  Load  Test 

3.3.1  Ensure  load  column  center  line  is  con¬ 
tacting  the  ROPS  roof  at  the  exact  distanc 
from  the  vertical  supports  as  shown  on 
drawing  299025  and  is  in  a  level  attitude. 
The  load  distribution  plate  must  span  20 
inches  minimum  along  the  ROPS  top  and 

it  must  be  free  to  rotate  horizontally 
as  load  is  applied. 

3.3.2  Install  precision  scales  for  optical 
deflection  measurements  in  accordance 
with  drawing  299025  and  position  the 
surveyor's  transits  for  viewing. 

3.3.3  Install  dial  gages  in  accordance  with 
drawing  299025. 
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TEST  OPERATIONS  (Concinued) 

3.3.4  Calibrate  all  instrumentation  and  prepare 
for  recording  all  data. 

3.3.5  Take  prefire  photographs  of  the  ROPS  and 
test  setup. 

3.3.6  Install  the  two  photo  targets  vertically 
on  north  and  west  walls  behind  the  ROPS 
side  surfaces  to  view  the  def ormation 
during  loading.  Set  up  black  and  white 
still  cameras  on  tripods  and  take  one 
exposure  at  each  inch  of  deflection. 

See  sketch,  Figure  2.  Record  and  sketch 
exact  camera  placement. 

3.3.7  Apply  load  to  achieve  incremental  deflec¬ 
tions  of  0.5  inches  and  conduct  the  side 
loading  in  accordance  with  SAE  J-394A. 

3.3.8  Record  the  dial  gages  and  optical  scales 
at  each  inch  of  deflection. 

3.3.9  At  each  Itf  lection  step,  calculate  total 
energy. 

3.3.10  Continue  loading  until  both  the  minimum 
load  and  minimum  energy  have  been 
achieved. 


NOTE 

IF  BOTH  CONDITIONS  OF  I.OAD  AND 
ENERGY  CANNOT  BE  SATISFIED, 
CONSULT  THE  TEST  ENGINEER. 


3.3.11  While  at  full  load,  ensure  the  critical 
zone  has  not  been  violated. 


SAFETY  NOTE 

USE  EXTREME  CAUTION  IN  APPROACHING 
FULLY  LOADED  ASSEMBLY.  A  VIOLENT 
STRUCiUKAL  FAILURE  COULD  OCCUR  AT 
ANY  TIME, 
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3.0  TEST  OPERATIONS  (Continued) 

3.3.12  Take  documentary  photographs  per  test 
engineer  direction. 

3.3.13  Remove  the  side  load  and  record  the 
post  test  measurements  on  all  channels,, 

3.3.14  Take  post  test  photographs  per  test 
engineer  direction. 

3.4  Vertical  Load  Test 

3.4,1  Ensure  load  column  is  aligned  to  the 
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3.4.2 


3.4.3 


3.4.4 


Ensure  load  column  is  aligned  to  the 
center  of  the  ROPS  roof. 

Ensure  data  acquisition  for  digital 
display  and  strain  gage  recording  is 
ready  for  test. 

Install  one  camera  target  horizontally 
behind  the  ROPS  and  set  up  black  and  white 
camera  on  a  tripod  to  -record  Ho  floe*;  ion 
at  each  vertical  load  increment.  Record 
and  sketch  exact  camera  placement. 

Apply  load  increments  of  10K,  16K,  21K, 
22K,  23K,  and  full  load  of  23. 5K  in 
accordance  with  SAE  J-394A,  paragraph 
5.2.  Record  all  specified  data  channels 
and  optical  deflection  measurements  at 
each  load  increment. 


I"'. 
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3.4.5 


critical  zone  has  not  been  violated. 

f '  *  i 

3.4.6 

Take  documentary  photographs  per  test 
engineer  direction. 

*-  i 

3.5 

Horizontal  Failure  Test 

3.5.1 

Remove  vertical  loading  system  and  re¬ 
install  the  horizontal  load  column. 

i 

-f  | 

3.5.2 

Resume  horizontal  loading  at  .5- inch 
increments  until  structural  .lure 

occurs  or  as  directed  bv  the  >st  engineer. 

1 

3.5.  3 

Take  post  test  photographs  ?r  test 
engineer  direction. 

1 

1 
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LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DATA  SHEET 


TEST  ITEM  6K  Forklift _ _ _  TEST  DATE  29  May  1973 


HORIZONTAL  LOAD  TEST  PER  SAE  J-394A 

REQUIRED  ENERGY,  U,  POUND- INCHES ,  122,204 _ 

REQUIRED  MINIMUM  HORIZONTAL  LOAD  15,031 _  POUNDS 


TEST  STEP 

A  NOMINAL 

A  ACTUAL 

HORIZONTAL 
LOAD  APPLIED 

CALCULATED 
ENERGY,  U 

0.5 

0.524 

2,490 

652 

2 

1.0 

1.00 

5,250 

2,508 

3 

1.5 

1.50 

7,770 

5,725 

4 

2.0 

2.00 

10,390 

10,440 

5 

2.5 

2.51 

12,580 

16,060 

6 

3.0 

3.02 

14,650 

22,993 

7 

3.5 

3.48 

1 

r, 

o 

i. 

H-  .U 

3.97  • 

1  ■ 

iHSEiEii 

9 

4.5 

4.51 

19,680 

48,733 

10 

5.0 

4.99 

20,810 

58,436 

11 

5.5 

5.51 

21,650 

69,460 

12 

6.0 

5.99 

22,180 

79,909 

13 

6.5 

6.49 

22,650 

91,157 

14 

7.0 

7.01 

22,950 

102,995 

15 

7.5 

7.50 

23,080 

114,257 

16 

8.0 

8.00 

23,150 

125,797 

3.22 

-0- 

17 

8.5 

8.55 

23,150 

138,569 

18 

9.0 

9.02 

23,580 

149,535 

19 

9.5 

9.55 

23,710 

162,048 

20 

10.0 

10.02 

23,780 

173,311 

21 

10.5 

10.51 

23,850 

184,845 

22 

11.0 

11.04 

■agKSSBj 

197,613 

23 

11.5 

11.50 

24 

12.0 

12.50 

24,000 

232,674 

Prepared  by: 


Approved  by: 


i 

\ 

i 
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TR-684-059 
ADDENDUM  I 

PLOTS  OF  STRAIN  VERSUS  LOAD 
DURING  HORIZONTAL  LOADING 


ROPS  DEVELOPMENT  Ti-ST 
6K  FORKLIFT 
VI817  T7074 


2000.  4000.  6000.  8000.  10000.  12000.  14000 


300.  1600.  2400.  3200.  4000.  4800.  5600 


ROPS  DEVELOPMENT  TEST 
6K  FORKLIFT 
FI817  T7074 

29  May  1973 


SfiH 


ROPS  DEVELOPMENT  TEST 


6000.  -14000.  -12000.  -10000.  -8000.  -6000 


HORIZONTAL  LOAD 
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ROPS  DEVELOPMENT  TEST 
SK  FORKLIFT 
P1817  T7074 

29  May  1973 

SO  10  HORIZONTAL  LOAD 
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STRAIN  M.;CRO 


HORIZONTAL  LOAD 


14000.  -12000.  -10000.  -800 


6K  FORKLIFT 

T7074 

29  May  1973 

SO  13  _ HORIZONTAL  LOAD 


HORIZONTAL  LOAD 


500.  1000.  1500.  2000.  2500.  3000.  350 


6K  FORKLIFT 


2000 


ROPS  development  test 
6K  FORKLIFT 
PI  817  T7074 

29  May  1973 


:'KAI'  Mi.ORO 


HORIZONTAL  LOAD 


DEVELOPMENT  TEST 
6K  FORKLIFT 


•JS 


DEVELOPMENT  TEST 
6K  FORKLIFT 

T7074 


OHO  M  vLV 


SUUmSmbS  KmnSIImESH 


ROPS  DEVELOPMENT  TEST 
6K  FORKLIFT 
P 1 8 1 7  T7074 

29  May  1973 


STRAIN  MICRO 


HORIZONTAL  LOAD 


STRAIN'  M  CRO 
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STRATA  M  ;CRO  IN/IN 


ROPS  DEVELOPMENT  TEST 
6K  FORKLIFT 
P1817  T7074 

29  May  1973 


M  CRO 


S'i’RAI'  m:cro  i\/ix 
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STRAIN  M  CRu  IN/I 


DEVELOPMENT  TEST 
6K  FORKLIFT 

T7074 

29  May  1973 
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TR-6S4-059 
ADDENDUM  II 

PLOTS  OF  STRAIN  VERSUS  LOAD 
DURING  VERTICAL  LOADING 


j 


1 


5 

1 

i 

I 

l 

i 


i 

i 


J 

I 


■MMNMMMiMMi 


■II, if  m;WlWj  m wii— mu i immi 


-2050.  -2000.  -1950 


oho::k  -.ivy;;. 


500.  1000.  1500 


684*7-1 
P«~*  203 


3ME 


ROPS  DEVELOPMENT  TEST 
6K  FORKLIFT 
P1817  T7074 

29  Mny  1973 


500.  600.  700.  800.  900 


6K  FORKLIFT 
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1200 


6K  FORKLIFT 


STRAJ-  M  :O.U<)  I\/l 
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APPENDIX  6.4 


ANALYSIS  OF  DEVELOPMENT  TEST  RESULTS 
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6K  ROPS  Test  Data  Reduction 
ROPS  Rotation  Influence  on  Side  Load 


Last  valid  deflection  gage  readings  occur  at  6.  00  inch  deflection.  At  this 
time,  side  load  -  22,  180  lbs.  This  is  withm  8%  of  maximum  side  load 
of  24,  000  lbs.  Therefore,  a  slight  increase  of  this  value  is  reasonable 
for  use  at  maximum  side  load. 

Deflection,  S-l  Gage  =  8.31-1.  00  =  7.31  in. 

Deflection,  S-2  Gage  =  2 . 84  - 1 .  00  =  1 .  84 

Deflection,  S-3  Gage  =  6.  00-1.20  =  4.80  in. 

Deflection  gage  Location  and  ROPS  rotation  relative  to  side  load  actuator 

is  shown  and  developed  by  graphical  construction  on  following  page. 


lockmiio  rnwnuiiow  commny 


calculation'1,  pg.A 


/?0PS 


6K  Test  Data  Reduction 
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ROPS  Rotation  Influence  on  Side  Load 


P  •  L 


M 


eff 


lat 


.  99P  x75.  5 


18.70  P 


M,  =  V 


long  u  2 


eff  .  087  P  (L2-7.  00) 


=  .  573  p  .  +  ^087  P  (  85.5J 

2  2 


=  21.6P  +  3.7P  =  25. 3P 


M  =  Mlat  +*  Mlong  =  18*70  P  +^25.3P  =  31.5P  at31' 


From  Page  A-4  moment  capability  at  31® 

=  795,  000  in.  lbs  for  material  Ftu  =  77,400  psi 


Coupon  tests  of  6K  ROPS  tes  tubes  average  75,  600  psi.  Moment  capability 
for  this  material 


75,  600 
77,400 


795,  000 


776,  000  in  lbs 


776.  000 
31.5 


24,  600  lbs 


1.  Maximum  side  load  developed  by  test  =  24,  GUO  lbs 

2.  Deflected  shape  of  test  was  very  similar  to  deflected  shape  shown  on 
pageA-2where  right  ROPS  vertical  leg  had  essentially  no  longitudinal 
deflection. 

Two  points  above  indicate  reduced  side  load  is  contributable  to  actuator 
rotation. 


LOOKHMO 


CWILWON  COMPANY 


684-F-l 
Page  242 


APPENDIX  6.5 

STRUCTURAL  ANALYSIS  OF  PROTOTYPE  UNIT 
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LorKHtti)  Piiopi' i.sion  Company 

A  DIVISION  Of  LOCKHtIO  AI«C«AFT  COmPOfYATlQN 


REOLANOS 


CALIFORNIA. 


LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

TEST  REPORT  TR-684-065 

CONFORMANCE  TESTING  ON  A  ROLL-OVER 
PROTECTIVE  STRUCTURE  FOR  THE 
U.  S„  ARMY  6K 
ROUGH  TERRAIN  FORKLIFT 


The  Roll-Over  Protective  Structure,  Part  Number  294279, 
described  herein  has  been  tested  in  accordance  with  the 
applicable  sections  of  the  SAE  Recommended  Practice  J-394a 
and  met  the  required  criteria. 


Prepared  by: 


Test  Completion  Date  -  28  Augus 


C.  Davis 
Test  Engineer 


Approved  by: 


t  1973 

■  ■■/,.  '  ' 

/  /  Lr it/.x  ■ '  '  4 

T.  F.  Cai^ienter,  Mgr. 
Test  Department 


State  of  California  ) 

County  of  San  Bernardino  ) 


W.  Dubyk,  Director,  Product  Assurance  Branch,  being  duly  sworn, 
deposes  and  says:  That  the  information  contained  in  this  report 
is  the  result  of  carefully  conducted  tests  and  is  to  the  best  of 
his  knowledge  true  and  correct  in  all  respectp.^ 

/ c  <r 


~  17 

/  -  day  of 


Subscribed  and  sworn  before  me  on  this 
1974. 


OfTIC.At  SC  At 

J.  BETH  BARNES 


NOTARY  PUBL  IC-CAL  1  TORNlil 
PftlNClPAL  OCfiCE  IN 
BAN  0CRNARO1NO  '  OUNTY 


My  Commission  Expires  June  28,  1974 


j/  he tn  Barnes 
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TEST  REPORT  TR-684-065 

LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DESCRIPTION 

VEHICLE  MANUFACTURER  Chrysler _ 

VEHICLE  TYPE/MODEL  6K  Forklift _  VEHICLE  WEIGHT  23.500 

ROPS  MANUFACTURER  Tubelok _  ROPS  SERIAL  NUMBER  NA 

ROPS  PART  NUMBER  299024 _  ROPS  MATERIAL  - - 

TEST  DATE  _ 28  August  1973 _  TEST  TEMPERATURE  76°F 

CUSTOMER  ORDER  NUMBER  684 _  LPC  WORK  ORDER  T7162 


0  FOPS  TEST  PER  SAE  J-231 _ 

GO  HORIZONTAL  LOAD  TEST  PER  SAE  J-394a  PARAGRAPH  5.1 

0  VERTICAL  LOAD  TEST  PER  SAE  J-394a  PARAGRAPH  5.2 

0  CRITICAL  ZONE  PER  SAE  J39& 

(""]  IMPACT  TEST  -  LOAD  _  DURATION  _ 

□  OTHER  _ 


TEST  RtS'u'LiS/ CONCLUSIONS: 

The  ROPS  was  subjected  to  a  FOPS  test  and  horizontal  and  vertical 
loads  in  accordance  with  SAE  Recommended  Practices  J-231  and  J-394a. 
The  ROPS  met  or  exceeded  the  SAE  requirements. 

DISCUSSION 


The  ROPS  was  mounted  to  the  6K  forklift  in  accordance  with  LPC 
Drawing  299279. 

The  chassis  was  mounted  in  the  test  bay  in  accordance  with  SAE 
Recommended  Practice  J-394a.  The  tiedown  arrangement  is  shown 
in  Drawing  299500. 

FCPS 

A  solid  wooden  form  representing  the  critical  zone  was  installed  in 
the  ROPS  to  aid  in  the  final  determinaticr  of  success  or  failure. 
The  critical  zone  was  installed  per  SAE  J-397a  and  LPC  Drawing 
299500,  The  test  setup  is  shown  in  Figure  1. 

The  FOPS  test  made  use  of  high  speed  movies  to  ensure  that  the 
critical  zone  was  not  violated  during  the  FOPS  test.  Deflection 


Prepared  by: 


<! 


684-F-l 
Page  287 


LOCKHEED  PROPULSION  COMPANY 
POIRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DESCRIPTION 


TEST  RESULTS/CONCLUSIONS:  (Continued) 


of  the  ROPS  was  measured  by  a  photo  target  grid  that  was  mounted 
beyond  the  ROPS  in  view  of  the  camera. 

A  500-pound  standard  drop  object  was  positioned  over  the  ROPS, 
raised  17  feet  and  dropped.  There  was  no  violation  of  the  critical 
zone.  The  roof  structure  after  impact  is  shown  in  Figure  2. 

HORIZONTAL  LOADING 

A  load  application  system  consisting  of  one  700,000-pound  hydraulic 
ram  was  installed  to  contact  the  ROPS  roof  for  horizontal  loading 
in  accordance  with  Drawing  299500. 

The  test  operations  procedure  is  presented  on  pages  5  through  8. 

One  fourteen- inch  linear  potentiometer  was  utilized  to  measure 
deflection  at  the  point  of  load  application. 

The  force  and  deflection  measurements  were  displayed  in  digital 
format  for  monitoring  during  the  test  and  were  also  recorded  at 
each  deflection  increment. 


The  digital  data  were  entered  manually  into  a  Hewlett  Packard 
desk  top  computer  where  each  channel  was  converted  to  engineering 
units  and  the  total  energy,  "U"  was  calculated  and  accumulated 
for  each  increment  of  horizontal  load  application.  This  data  is 
presented  in  Table  2. 

A  plot  of  load  versus  deflection  was  also  generated  automatically 
by  the  computer  during  the  test  (page  11). 

A  total  of  20  strain  measurements  were  recorded  during  the  hori¬ 
zontal  loading  to  monitor  the  ROPS  deformation.  The  strain  gage 
locations  are  shown  on  Drawing  299500.  The  strain  gage  data  are 
presented  in  Addendum  I. 

Steel  scales  and  dial  indicators  were  installed  on  the  ROPS  to 
measure  deflection.  These  readings  are  presented  in  Table  1. 

The  locations  are  shown  on  Drawing  299500. 


The  load  was  applied,  as  required,  to  product  approximate  one-half 
inch  deflection  increments  during  the  horizontal  loading.  At  5.5 
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ection  increments 
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LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DESCRIPTION 


TEST  RESULTS/CONCLUSIONS:  (Continued) 

inches  deflection,  the  minimum  force  requirement  was  met.  At  10.0 
inches,  the  minimum  energy  requirement  was  met  and  the  horizontal 
load  test  was  terminated. 


At  full  deflection,  Figure  3,  the  critical  zone  was  not  violated. 
VERTICAL  LOAD 


The  load  column  was  aligned  to  the  geometric  center  of  the  ROPS 
with  a  load  pad  to  distribute  the  load  over  the  full  surface  of 
the  ROPS. 

The  incremental  load  and  deflection  were  recorded  during  the  vertical 
loading.  Strain  gage  data  were  also  recorded  and  are  presented  in 
Addendum  II. 

Optical  deflection  measurements  were  made  using  steel  scales  and 
are  presented  on  page  12. 

The  vertical  load  setup  is  shown  in  Figure  4. 

The  critical  zone  was  not  violated  during  the  vertical  load  test. 
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LOCKHEED  PROPULSION  COMPANY 
POTRERC  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
EQUIPMENT  LIST 


Hydraulic  Ram  (Horizontal) 
Hydraulic  Ram  (Vertical) 

Load  Cell  (Horizontal) 

Load  Cell  (Vertical) 
Displacement  Transducers 

Data  Acquisition  System 

OPTIONAL  EQUIPMENT 
Strain  Gages 

Thermocouple  Potentiometer 
Conditioning  Box  Controller 
MEASUREMENT  ACCURACY 


700K,  Pickens  Inc.  9480-18-368 3 
18-inch  stroke 

300K,  Rodgers  Hydraulic,  Part 
Number  1-150  BR-7^,  7^-inch 
stroke 

Ormond  L-25-50K-557 

Ormond  L-25-50K-557 

1  each  14-inch,  3  each  Starrett 
Dial  Indicators  and  3  each 
18-inch  scales,  and  1  Bourns 
2001081615  potentiometers 

Beckman  210,  84-channel  Digital 
Data  System 


BLH  FAP-12-12  or  equivalent 


The  measurement  systems  and  devices  utilized  in  support  of  this 
test  program  are  periodically  maintained  and  calibrated  to  assure 
the  following  steady  state  accuracies.  Instrument  calibrations 
are  traceable  to  the  National  Bureau  of  Standards. 

+1  percent 
+2  percent 
+5°F 


Force 

Displacement 

Temperature 
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3.0  TEST  OPERATIONS 

3. 1  Preliminary  Preparations 

3.1.1  Install  chassis  reinforcements  per  assem¬ 
bly  drawing  2  9^2  79  (Certified  welder 
required. ) 

3.1.2  Install  20  post  yield  strain  gages  as 

shown  on  2.995*00.  *  - 

3.1.3  Install  the  vehicle  chassis  in  the  test 
bay  by  welding  per  drawing  2ci^S‘Ot. 

3.1.4  Install  the  POPS  259024  into  the  socket 
mounts  2:99  2  3°|  and  torque  the  eye  bolts 
to  500+40  foot-pounds. 

3.1.5  Paint  the  assembly  as  required.  Colors: 
chassis  -  olive  drab;  R0PS  -  yellow; 
tie-down  fixt-pi-ps  -  c-r.-iy . 

3.1.6  Install  the  critical  zone  per  SAE  J-397A 
and  drawing  2  9*9  SCO 

3.1.7  Prepare  I  2'  x  8'  photo  targets  by 
carefully  applying  1"  black  tape  to  a 
white  background  as  shovm  in  Figure  1. 

3.2  FOPS  TEST 

3.2.1  Attach  the  500-pound  drop  weight  to  a 
mobile  crane  using  an  electrically  oper¬ 
ated  bomb  release. 

3.2.2  Conduct  sufficient  practice  drops  on 
clear  ground  to  ensure  reliab1e  release  and 

food  vertical  attitude  at  the  proposed 
mpact  point. 

3,2.3  Position  the  drop  weight  at  the  center 
of  the  R0PS  section  covered  with  wire 
mesh. 

3,2.4  Set  up  documentary  movie  cameras  to 
record  the  drop  sequence. 
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3 . 0  TEST  OPERATIONS  ( Cont inued ) 


3,2,5 


3.2.6 


3.2.7 


3.2.8 


3.2.9 


3.2.10 


3.3.1 


3.3.2 


Install  one  photo  target  horizontally 
on  the  wall  behind  the  critical  zone  to 
record  the  dynamic  deflection  of  the 
steel  mesh. 

Install  a  1"  diameter  x  6"  long  probe 
(approximate  dimensions)  extending  down¬ 
ward  under  the  drop  point  to  be  viewed 
by  the  high  speed  camera.  Attach  with 
wire,  do  not  weld.  x  . 

Position  the  200  pps  movie  camera  viewing 
the  target  grid  at  the  same  level  as  the 
critical  zone  top. 

Raise  the  weight  17  feet  above  the  ROPS 
roof  and  conduct  the  ROPS  test  per  SAE 
J-231. 

Ensure  the  critical  zone  has  not  been 
violated.  Take  post  test  photographs 
per  test  engineer  direction. 

If  the  deformed  wire  mesh  is  too  close 
to  the  critical  zone  to  conduct  the 
horizontal  load  test,  restore  it  to  the 
original  minimum  level,  g 

Horizontal  Load  Test 

Ensure  load  column  center  line  is  con¬ 
tacting  the  ROPS  roof  at  the  exact  distanct 
from  the  vertical  supports  as  shown  on 
drawing Z^^SOO  and  is  in  a  level  attitude. 
The  load  distribution  plate  must  span  20 
inches  minimum  along  the  ROPS  top  and 
it  must  be  free  to  rotate  horizontally 
as  load  is  applied. 

Install  precision  scales  for  optical 
deflection  measurements  in  accordance 
with  drawing  2^ Soc  and  position  the 
surveyor's  transits  for  viewing. 


3.3.3  Install  dial  gages  in  accordance  with 
drawing 
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3.0  TEST  OPERATIONS  (Continued) 

3.3.4  Calibrate  all  ins trumentation  and  prepare 
for  recording  all  data. 

3.3.5  Take  prefire  photographs  of  the  ROPS  and 
test  setup. 

3.3.6  belCte 


3.3.7  Apply  load  to  achieve  incremental  deflec¬ 
tions  of  0.5  inches  and  conduct  the  side 
loading  in  accordance  with  SAE  J-394A. 

3.3.8  Record  the  dial  gages  and  optical  scales 
at  each  inch  of  deflection. 

3.3.9  At  each  deflection  step,  calculate  total 
energy. 

3.3.10  Continue  loading  until  both  the  minimum 
loaj  and  minimum  energy  have  been 
achieved. 


NOTE 

f  ‘  - 

IF  BOTH  CONDITION’S  CF  LOAD  AND 
ENERGY  CANNOT  BE  SATISFIED, 
CONSULT  THE  TEST  ENGINEER. 


3.3.11  While  at  full  load,  ensure  the  critical 
zone  has  not  been  violated. 


SAFETY  NOTE 


USE  EXTREHc  CAUTION  IN  APPROACHING 
FULLY  LOADED  ASSEMBLY.  A  VIOLENT 
STRUCTURAL  FAILURE  COULD  OCCUR  AT 
ANY  TIi-IE. 
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3.0  TEST  OPERATION’S  (Continued) 

3»3. 12  Take  documentary  photographs  per  test 
engineer  direction. 

3.3.13  Remove  the  side  load  and  record  the 

post  test  measurements  on  all  channels 

3.3.  j. 4  Take  post  test  photographs  per  test 
engineer  direction. 

3.4  Vertical  Load  Test 

Ensure  load  c.r  lunn  is  aligned  to  the 
center  of  the  ROPS  roof. 

Ensure  data  acquisition  for  digital 
display  and  strain  gage  recording  is 
ready  for  test. 

0 


3.4.1 

3.4.2 

3.4.3 


t«T 
0*E*  A. 
t*0*4  | 


itia 


c 

TlON 


■7-r 


3.4.4 


3.4.5 


T5cfr‘ts  of  10K>  16K,  21K, 
22k,  23K,  and  full  load  of  23. 5K  in 
accordance  with  SAE  J-394A,  paragraph 
j.2.  Record  all  specified  data  channels 
and  optical  deflection  measurements  at 
each  load  increment. 


While  at  full  load,  verify  that  the 
critical  zone  has  not  been  violated. 

Take  documentary  photographs  per  test 
eneineer  direction. 


\ZK 


3.4.6 


WEED  PROPULSION  C 
POTRERO  TEST  SERVI 
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LOCKHEED  PROPULSION  COMPANY 
POTRERO  TEST  SERVICES 

ROLL-OVER  PROTECTIVE  STRUCTURE 
TEST  DATA  SHEET 


TEST  ITEM  61  Forklift  Prototype 


TEST  DATE 


8-28-73 


HORIZONTAL  LOAD  TEST  PER  SAE  J*394* 
REQUIRED  ENERGY,  U,  POUND- INCHES ,  122,204 

REQUIRED  MINIMUM  HORIZONTAL  LOAD  _ 15. 


POUNDS 


TEST  STEP  A  NOMINAL 


A  ACTUAL 


HORIZONTAL 
LOAD  APPLIED 


CALCULATED 
ENERGY,  U 


226 


686 


2,056 


3.731 


5.934 


e,eo6 


12,579 


17,250 


22,78* 


29,095 


36,139 


43.907 


52,776 


61,539 


I  h  £  ()  I 


Kigurr  ?  -  Top  View  After  FOPS  Test 
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Vertical  Loading  Sec  Up 


HORIZONTAL  LOAD 


STRAIN  MICRO  IN/IN 


FORKLIF*  'HOTOTYFE 
5b  T7160 

7  k'l  24  AUO  73 


MICRO  IN/IN 


HORIZONTAL  LOAD 


STRAIN  r’.ICSO  IN/IN 


STRAIN  MICRO  IN/IN 


yc  FCRKUy"  '’ROTOTTPE 
•0856  T7160 

>6l»  7  li7  28  AUG  73 


STRAIN  MICRO  IK/rN 
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APPENDIX  6. 7 

analysis  of  prototype  test  results 
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6K  ROPS  -  TEST  DATA  REDUCTION 


A  comparison  of  predicted  side  load  to  test  side  load  ia  shown  on  Page  4. 

A  comparison  of  predicted  vertical  load  to  test  vertical  load  is  shown 
on  Page  5.  The  vertical  load  prediction  might  be  considered  to  be 
reasonably  accurate,  except  the  test  curve  breaks  at  23,000  lbs  rather 
than  at  16,000  lbs  as  predicted.  This  is  probably  due  to  high  material 
yield  strength.  Actual  material  properties  are  not  available  at  this 
time  since  the  ROPS  is  being  considered  for  reuse  for  a  rollover  test. 

The  side  load  prediction  does  not  agree  well  with  the  test  curve.  Follow¬ 
ing  is  the  reduction  of  the  side  load  test  data  for  the  purpose  of  deter¬ 
mining  the  reason  for  the  difference  between  the  predicted  side  load  curve 
and  test  side  load  curve. 

SIDE  LOAD  TEST  DATA  REDUCTION 


Sketch,  Page  6  shows  the  location  of  deflection  gages  for  the  side  load  test 
conducted  on  28  August  1973.  Deflections  obtained  from  the  test  are  given 
in  Page  7.  It  was  observed  that  side  load  deflection  results  did  not  agree 
well  with  predicted  values;  therefore  a  supplemental  side  load  test  was  run 
on  29  August  1973  to  obtain  additional  data  to  help  determine  the  reason  for 
the  difference  between  predicted  and  actual  side  load  curves.  Deflection 
gage  locations  for  the  supplemental  test  are  shown  on  pages  8  and  9  and  test 
data  is  given  on  page  10.  FS  S7  and  NS  S7  correspond  with  4S  and  3S,  page  6. 

Before  investigating  the  difference  between  the  predicted  and  test  side 
load  curves,  the  history  of  the  6K  ROPS  predictions  and  tests  has  to  be  re¬ 
viewed.  The  graph  on  page  11  shows  the  significant  curves  from  the  6K  ROPS 
program. 

Curve  (7)  and  curve  ^7)  ,  from  6K  ROPS  PDR  4  April  73  page  36,  are  computer 
predictions  for  the  rOpS  side  load  test  run  28  May  1973.  Curve  (?)  is  for 
a  ROPS  model  with  the  lower  end  of  the  vertical  legs  pinned  in  belong. 

Curve  (2)  is  for  a  ROPS  model  with  the  lower  end  of  the  vertical  legs  fixed. 
Curve  (Tj  (pinned)  has  always  been  felt  to  be  most  accurate  in  the  small 
deflection  range  because,  for  small  deflections,  clearance  and  the  rubber/ 
cloth  isolators  allow  the  ROPS  foot  to  rotate  In  the  socket.  Curve  (?)  (fixed) 
would  be  the  most  accurate  curve  in  the  large  deflection  range,  becauSe  for 
large  deflections,  the  ROPS  feetmake  contact  In  the  socket  and  develop  moment 
capability.  Even  though  curve  f2)  was  not  expected  to  be  accurate  in  the 
small  deflection  range  it  was  used  as  the  prediction  curve  because  It  was 
expected  to  predict  the  correct  maximum  load.  And,  at  that  time,  the  computer 
program  did  not  have  the  capability  to  transition  from  a  pinned  end  to  fixed 
end  fixity. 

Curve  (3^  from  6K  ROPS  PDR  4  April  73  page  35,  is  the  prediction  for  the  ROPS 
side  load  test  run  29  May  1973  based  on  the  CAT/CLARK  ROPS  bedplate  test  and 
obtained  by  conventional  analysis. 
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Curve  (4)  is  the  actual  side  load  test  curve  from  teat  run  29  Hay  1973, 
reference  684-MLPR-12,  TR -684-059,  page  12, 

Based  on  the  teat  run  29  May  1973,  a  prediction  curve,  curve  ,  was 
developed  for  the  side  load  test  run  28  August  1973,  reference  6K  ROPS 
CDR  dated  23  July  1973,  page  12.  The  elastic  properties  of  the  redesigned 
ROPS  were  very  similar  to  the  original  ROPS  therefore  the  saw  initial 
slope  was  predicted  as  obtained  from  the  first  test,  curve  UJ  .  The 
maximum  load  was  increased  by  conventional  analysis  methods  for  the 
decreased  length  of  the  upright  ROPS  tubes. 

Curve  Mn  is  the  actual  side  load  test  curve  from  the  test  run  on  28  August 
1973,  reference  page  7. 

The  primary  point  to  be  brought  out  by  comparing  these  curves  is  the  impor¬ 
tance  of  the  foot  socket  clearance  to  overall  ROPS  stiffness.  The  original 
conventional  analysis  prediction,  curve  ^3)  ,  was  based  on  the  CAT/CLARK 
bedplate  test  which  had  a  conventional  rectangular  socjtgt.  This  curve  is 
very  close  to  a  pinned  end  ROPS  configuration,  curve  U.J  .  The  actual  test, 

curve  (4j  ,  produced  a  much  more  rigid  elastic  curve  than  predicted  by  the 

CAT/CLAM  bedplate  test.  This  can  now  be  contributed  to  the  very  rigid 
semi-conical  foot /socket  design  used  on  the  Jfirst  6K  ROPS  test.  Proof  of 
this  effect  is  that  curves  (lj  ,  ,  and  (6)  which  all  have  large  clearance, 

rectangular  sockets  all  have  similar  slopes  In  range  R. 

Since  the  second  6K  ROPS  tested  incorporates  a  rectangular,  large  clearance 
foot /socket  configuration,  the  prediction  curve  should  have  been  curve  (3^ 
used  for  the  first  test  but  modified  for  curve  maximum ^load  value  due  to 

shorter  ROPS  tubes.  The  resulting  composite  curve,  cjrve  f7^  is  practically 
identical  to  the  second  6K  ROPS  test  side  load  curve,  curve  ,  except  for 
the  flat  offset  between  0.0  and  2.0  inches  obtained  from  the  Test.  The  only 
remaining  discrepancy  between  the  test  and  the  corrected  analytical  curve 
then, is  the  flat  initial  offset  at  less  than  two  inches  deflection  obtained 
from  the  test.  Following  is  the  reduction  of  test  data  to  determine  the 
cause  of  this  initial  flat  offset. 


Both  computer  and  conventional  side  load  vs.  deflection  analysis  approaches 
assume  the  ROPS  vertical  legs  are  held  from  twisting  in  the  socket  (fixed 
for  torsion).  If  the  ROPS  vertical  legs  are  actually  rotating  in  the  sockets, 
analysis  Indicates  a  considerable  reduction  in  elastic  stiffness  would  result. 
The  table  on  Pg.  12  reduces  test  data  to  determine  the  amount  of  rotation  at 
the  ROPS  feet  compared  to  the  ROPS  roof,  and  tabulates  the  amount  of  ROPS 
torsional  fixity  obtained  during  the  test.  Next,  the  table  modifies  the  ROPS 
torsional  spring  rate,  JLq-  ,  developed  in  "ROPS  Load  vs.  Deflection  Calcula¬ 
tion",  Page  13.  Using  the  modified  spring  race.  Kjqr.  the  modified  ROPS 
deflect  ion, £  6*  is  obtained.  Each  value  of  £6  obtained  is  an  equation  for 
the  load /deflection  curve.  Therefore  when  the  slope  of  each  equation,  m  is 
obtained,  a  continuous  curve  can  be  plotted.  Plotting  the  slope  from  0.0 
deflection  from  0.0  to  1.0  inches,  slope  from  2.0  inch  deflection  from  1.0 
to  3.0  inches,  slope  from  i,0  inch  deflection  from  3.C  co  5.0  inch,  etc,  and 
adding  this  plot  to  Che  bottom  end  of  the  modified  prediction  curve  (curve 
^7^,  page  14),  curve  ,  page  14  is  obtained.  The  test  curve,  curve  , 
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is  repeated  on  page  1  A. 

In  sumaryt  the  good  agreement  between  the  two  curves  on  page  14  indicates  the 
differences  between  predicted  and  test  side  load  curves  is  due  to  the  larger 
socket  clearance  in  the  prototype  6K  ROPS  design. 

A  review  of  the  strain  gage  data  indicates  material  yielding  in  the  ROPS 
vertical  tubes  and  in  the  ROPS  gussets  at  the  upper  end  of  the  vertical 
tubes.  Assuming  ROPS  tube  F^  *  55,000  psi. 


€  P.L.  "  ^TY  *  55000 

E  29  x  10 


1900  pin/in 


t  Yield  -  1900  H  in/in  +  2000m  in/in  «  3900  P  in/in 

At  required  side  load  energy,  strain  gage  1  at  2400  p  in/in  exceeded  the 
material  proportional  limit  and  strain  gage  2  at  3900  p  in/in  reached  material 
yield  strength. 

One  of  the  two  strain  gages  on  the  gussets  recorded  the  highest  strain  in  the 
test.  At  required  side  load  energy,  gage  8  and  10  developed  3860  P  in/in 
and  -4750  p  in/in  respectively.  Assuming  ROPS  plate  F  m  40,000  psi. 


e  P.L.  -  40,000  ,  -  1380  M  in/in 

29  x  10 


«  Yield  -  1380  +•  2000  -  3380  P  in/in 

Both  gages  exceeded  material  yield  strain  of  3,380  p  in/in.  However,  from  LPC 
Specification  EMSDi03,  material  elongation  at  failure  is  20 l  or,  200,000  p 
in/in.  Therefore,  the  ROPS  structure  met  required  energy  at 


4750  x  100,  or  2%  of  failure  elongation. 

200,000 
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6K  ROPS  -  SIDE  LOAD  TEST  DATA  REDUCTION 
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See  page  1  for  explanation  of  curves 


M  3M 


«o  ts 

(N  K  ^ 

<o  ^  ^ 


Q  Vo  iv) 

j*  l"  ,<a  ?p 

V)  '*>  V>  £ 


k  2 

►A  ^ 

:  wir- 

;  K  T 


Q  J>.  K  o 

£  ^  ^  N 


C,  QQ  "- 

0  £  $?  5 

_ _ »  -  - 

o  ^  >,  K 
X  ©a  N^  w 


\3  ^ 


Pv-i  w 


;y  x 

X  iO 

1  ^ 
l3 

Hi 

v¥ 


L5  to 
'\  ^ 


IJ  10 

;kj2_ 

ix  ^ 
Cx  q^ 

\  — 

0  //y 


Cs  ^  ^  Vo 

X  J^.  *-<  \$ 
nS  K* 


N  V  ° 

(N  ^  F  ° 
V)  tx  Vq  Qo 

^  Q  <S> 
<0  ^  ^  tf-- 

<5 »  ^ ;  <0  Q 
X  V<  Wi  > 

O  V>  ^  V) 
q  <o<  <o  °0 
u  v  ^  X 

Ck  0)  x§ 

OnU 

X  Q  ^ 

^  V)  Q  <0 
^  K  Kf)  ck 

V  x  x  cv 


o  'o  'o 
<o  ^s  X 

^  x  '  3  'Vj 

O  v‘  ^  N) 

<S  w  x  x 


?  <• 
«;  << 

t  <fc 


— xx,; 

r<  V> 
O  ^  ^ 

^  ^  O 

_  _ _ 1 _ * _ * 

W  \5  Vi  \3 
Vo  ^  \n  \s 
rx  <  \  x 
_ •  •  «  * 

Vo  Ia  n 
,o  ^  N  v> 

^  k  Ia  In 
» 

O'*  ^  Oft 
\9  0  £ 

o  S  ^  ^ 

'J  -A  (\ 


x  ©x  ^  Qq 

fc  $  o  £3  5 

g  %  *• 

L'  t?  ^  ^  X 

S  ^Hl«y 

Vx  10  N  \\\ 

^A(_x_:  : 

N. 


k<  ^  i°  IQ  >  'V 

\  w  V>  lo  in  vi 


V'l  -o  o  o  A 

C*  •  •  • 

8t  ^  "  *  M 


to.. 

,N 

7  S 

^i 


f?j  j 

_^x_l 

'  ^  X 

Xi  ^  x 


6B4-E-1 
Page  354 

5; 

^11 
^  % 

5Tift 

5  0  ^ 

W  W  X. 


\  V  X  \ 

0 

IS  x 

lx 

$  s$ 

I  o 
«t: 

"t?^~ 

K‘  Q  ^ _ 


3^ 

n  r>  x 


Vo  \  V)  3 
^kK  Qq  -t- 


^  s  ^0 
\  h  \ 


^  o  <v  k> 

\  ^  ^  Vj 


«  °  K) 

X  ^  Vo 


O  o  ^  ' 
^  v5^  °- 
n  ns  --  v  > 

\  \\‘  Xx  u 


f\ 

x  ^  ci,  ^ 

^  N>  CS  ’J 

X  x  O 
',>  V  ^ 
^  O  Vi  V> 

5*  <5>  V)  j 
x  <0  C 

4 


X  O  *2>  C 

O  w  ^  \_ 


k  ^ 
^  rs. 


X) ;  'o 

\ 

tv 

»  K 


0) 

w 

<1 
I  Ox 


m 

^  r(: 

%  x}\ 


S!^ 


NJ  >j 


y  >-.> 

i .  K 

V  v 

*  $ 


IJ 

W; 

'N 


684-F-l 
Page  358 


'’/<  -&S  -  S  /D  O  -rjrs-r~  £<££>vc,T-'6*J 


&£rc£C7/o*J  ,  /KtCtJCS 


684-F-l 
Page  36Q 


Service  Bulletin  112 

Retrofit  Procedure  for  Installation  of  Roll-Over  Protective  Structure  (ROPS) 

on 

6000  lb  Forklift  Truck 
Installation  Drawing  299279 


NOTE:  All  Welding  to  be  per  DPSF100. 
A.  PARTS  REQUIRED 


Item 

Drawing  No. 

Quantity 

Description 

1. 

299024-501 

1 

Roll-Over  Protective 
Structure 

2. 

299239-501 

1 

Attachment  Structure 

As  sembly 

3. 

299239-509 

1 

Attachment  Structure 
Subassembly 

4. 

299239- 135 

1 

Spacer  plate,  R.  H. 

6. 

299239- 137 

6 

Back-up  plate 

6. 

299239-139 

2 

Back-up  plate 

7. 

299239- 141 

1 

Spacer  plate,  L.  H. 

8. 

299572-103 

2 

Flat  washer,  4.0  dia. 

9. 

299572-107 

1 

Spacer  block 

10. 

299572- 109 

2 

Bevel  nut 

11. 

299029-101 

4 

Resilient  pad  (Fabreeka) 

12. 

299029- 103 

4 

Resilient  pad  (Fabreeka) 

1  3. 

299029-105 

L 

Resilient  washer  (Fabreeka) 

14. 

2 

Cap  SCR,  H.  H.  self-locking 
1.25-7  UNC,  4.5  long 

15. 

28 

Bolt,  H.  H.  SAE  grade  8 
3/4-10  UNC.  4.0  long 

16. 

28 

Hex  nut,  SAE  grade  8 

3/4-10  UNC 

17. 

28 

Flat  washer.  3/4  medium 

18. 

28 

Lock  washer,  3/4  medium 

19. 

2 

Bolt,  H.  H.  SAE  grade  8 
1/2-1?  UNC.  1-1  '4  lung 

20. 

2 

Flat  washer.  1/2  medium 

LOCKHEED  PROPUl-SION  COMPANY 


A.  PARTS  REQUIRED  (Continued) 


Item 

Drawing  No. 

Quantity 

Description 

21. 

2 

Lock  washer,  1/2  medium 

22. 

2 

Hex  nut,  SAE  grade  8 

1-1/4-7  UNC 

23. 

2 

Mach  Scr.  H.  H.  3/8-16  UNC 
3/ 4  long 

24. 

2 

Flat  washer,  3/8 

25. 

2 

Lock  washer,  3/8 

26. 

1 

Hose  adapter  fitting, 
MS20822-  12 

27. 

1 

Electric  Harness,  single 
conductor.  Cable,  MIL- 
C-  13486-  1,  Type  I,  Class 

A  with  female  connector, 
MS27144-1  Style  1  at  one 
end  and  male  connector, 
MS27142-2  at  other  end. 
Total  length  56  inches. 

28. 

1 

Electric  harness,  similar  to 
Item  27  except  140  inches 
long. 

29. 

1  1 

Wire  clamps.  MS21105-3 

30. 

1  1 

Self-tapping  screw.  No.  10 
pan  head,  3/ 4  long 

31. 

4 

10/24  Mach  Scr.  R.  H.  3/4 
long 

32. 

15 

No.  10  flat  washer 

3  5. 

15 

No.  10  lock  washer 

34. 

As 

Required 

Molykote  lubricant 

35. 

A  s 

Required 

Adhesive,  rubber  -  to- metal 
AM  ICON  2654 
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B.  PREPARATION  OF  LIFT  TRUCK  FOR  RETROFIT 


NOTE:  Retain  all  fasteners  for  use  in  re-assembly. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1  3. 

14. 

15. 


16. 


17. 

18. 


Place  truck  on  level  hard  surface. 

Securely  block  up  rear  axle  and  remove  rear  wheels  by  unscrewing 
10  stud  nuts  on  each  wheel.  Set  aside  the  two  wheels,  and  run  nuts 
partly  on  studs  to  protect  the  threads  during  the  retrofit. 

Disconnect  the  short  electrical  harness  serving  the  floodlight  on 
the  forward  edge  of  the  overhead  guard. 

Remove  the  4  clevis  pins  and  lift  off  the  overhead  guard. 

Torch  cut  the  floodlight  bracket  from  the  guard  for  later  welding 
to  the  ROPS. 

Unlatch  and  lift  off  the  left  hand  and  right  hand  engine  covers 
and  unscrew  the  two  forward  latches  from  the  frame. 

D  sconnect  from  the  air  cleaner  outlet  the  tube  coming  from  the 
air  cleaner  service  indicator.  See  Figure  1 

Remove  the  two  screws  attaching  the  service  indicator  to  its  mounting 
lug  on  the  hydraulic  reservoir. 

Pull  the  service  indicator  and  its  tube  out  of  the  mounting  lug,  reverse 
its  direction  and  thread  back  into  the  lug,  so  that  the  indicator  unit 
is  on  the  inward  side  toward  the  truck  centerline. 

Replace  the  two  attaching  screws  and  tighten  hand  tight. 

Unfasten  the  clamp  from  the  flexible  air  duct  on  the  outlet  of  the  air 
cleane  r. 

Remove  the  four  bolts  holding  the  air  cleaner  to  the  left  hand  rear 
fender,  and  the  one  bolt  attaching  the  air  cleaner  stack  brace  to  the 
fende  r. 

Lift  off  the  air  cleaner  with  its  stack  and  brace  and  set  aside. 

Remove  the  12  bolts  attaching  the  hood  to  the  chassis. 

Loosen  the  clamp  under  the  hood  attaching  the  muffler  to  the  exhaust 
stack. 

Remove  the  8  bolts  attaching  the  left  hand  rear  fenac-  to  the  chassis. 

Remove  the  10  similar  bolts  from  the  right  hand  tear  fender. 

Raise  the  loosened  hood  and  muffler  to  clear  the  3/4"  lip  on  the  left 
hand  rear  fender  and  remove  the  fender. 
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B.  PREPARATION  OF  LIFT  TRUCK  FOR  RETROFIT  (Continued) 

19.  Similarly,  remove  the  right  hand  rear  fender. 

20.  Remove  the  8  bolts  attaching  the  left  hand  panel  cover  forward  of 
the  latched  cover  and  remove  the  panel. 

21.  Remove  the  11  bolts  attaching  the  right  hand  panel  cover  forward  of  the 
latched  cover  and  remove  the  panel. 

22.  Remove  the  10  bolts  attaching  the  bent  panel  forming  the  forward  wall 
of  the  left  hand  wheel  weli  and  remove  the  panel. 

23.  Cut  a  2"  notch  in  the  skirt  of  the  right  hand  wheel  well  panel  as 
shown  in  Figure  2. 

24.  Remove  2-1/2  inch  bolts,  nuts  and  washers  from  single  structure 
(one  on  each  side  of  chassis)  and  replace  with  1/2  inch  bolt  1-1/4 
long,  flat  washer,  lock  washer,  and  bevel  nut  Item  10  as  shown  in 
Figure  2. 

25.  Remove  4-3/4"  bolts  attaching  the  counterweight  to  the  frame  and 
remove  the  weight.  Take  care  to  avoid  damage  to  the  electric  wires 
in  the  area. 

26.  Clean  the  truck  frame  and  chassis  exposed  by  these  removals  with 
steam  or  solvent  to  permit  suitable  working  conditions. 

27.  Torch-cut  the  2  aft  tie-down  lugs  from  the  outside  face  of  the 
frame.  That  portion  of  the  lug  root  above  the  1"  thick  axle  mount 
support  plate  must  be  ground  down  flush  or  below  the  edge  of  the  plate. 
That  portion  of  the  lug  root  under  the  reinforcement  must  be  ground 
down  to  1/4"  below  this  flush  level.  (Do  not  grind  away  any  part  of 
the  plate  or  the  frame  channel.  )  See  Figure  1 

28.  On  the  right  hand  side  of  the  engine,  re  locate  the  two  oil  cooler  hoses: 
Figure  5  shows  the  existing  connections.  Step  a)  Remove  the  bolt 
holding  the  two  hose  clips  to  the  hose  clip  support  angle,  b)  Disconnect 
and  remove  the  45°  adapter  fitting  from  the  forward  connection  in  the 
oil  cooler,  catching  the  small  amount  of  oil  in  a  receptacle,  c)  Install 
the  90°  fitting  included  in  the  retro-fit  kit  (Item  26).  d)  Re-connect  the 
forward  hose,  e)  Attach  the  spacer  block  (Item  9)  in  the  hose  clip 
support  ang'e  with  3  '8  inch  screw,  washer,  and  luck  washer  (Items  2  3. 
24.  25).  screwed  up  into  the  threaded  hole  in  the  spacer  block. 

f)  Remove  the  hose  clips  from  the  two  hoses,  turn  them  over,  and 
replace  them  011  the  hoses  so  that  they  can  be  attached  on  the  top  sid^ 
of  the  spacer  block,  gi  Attach  the  two  clips  to  the  top  of  the  spacer 
block  with  one  3 '8  inch  screw,  washer,  and  lock  washer  (Items  2  3  24. 

25):  screwed  into  the  threaded  hole  in  the  spacer  block,  ^ce  Figure  4 
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C.  INSTALLATION  OF  ATTACHMENT  STRUCTURE 

1.  Locate  Spacer  Plate  299239-141  (Item  7)  on  left  hand  aide  of  the 
chassis  frame  channel  as  shown  on  Figure  5  and  tack  weld  as  shown. 

2.  Similarly,  locate  Spacer  Plate  299239-  1  35  (Item  4)  the  right-hand 
side  and  tack  weld.  See  Figure  5. 

3.  From  directly  behind  the  truck,  move  the  Attachment  Structure 
Assembly  299239-501  (Item  2)  forward  under  the  chassis,  with  the 
longer  extension  on  the  right  hand  side.  A  fork  lift  truck  is  suggested 
for  this  operation.  The  longer  extension  must  be  raised  at  the 
forward  end  to  pass  over  the  axle  during  the  move.  See  Figure  6. 

4.  Raise  the  assembly  up  underneath  the  chassis  so  that  the  top  of  the 
right  hand  extension  is  level  with  the  top  of  the  chassis  frame  channel. 
Move  the  assembly  forward  so  that  its  cross  beam  contacts  the 

aft  face  of  the  1"  thick  axle  mount  support  plate  shown  in  Figure  7. 

(The  top  of  the  ROPS  socket  will  be  1/8"  t>elow  the  bottom  of  the  frame 
channel.  ) 

5.  Clamp  the  right  hand  extension  of  Assy  299239-501  to  the  right  hand 
channel  frame,  with  the  tack  welded  spacer  plate  in  between.  (Figure  8) 

6.  Level  the  assembly  by  jacking  or  blocking  the  left  hand  end  of  the 
cross  beam. 

7.  Check  level  and  location  of  the  sub-assembly  as  follows: 

a.  Right  hand  extension  level,  flush  with  the  top  of  the  right  hand 
frame  channel,  and  clamped  snugly  against  the  channel  and 
spacer  plate  (Item  4). 

b.  Forward  face  of  cross  beam  in  contact  with  the  aft  end  of  the 
axle  mount  support  plate  on  both  sides  of  the  chassis  frame. 

Top  of  ROPS  socket  l/8"  below  bottom  of  the  frame  channel, 
both  sides. 

8.  Securely  clamp  the  Attachment  Structure  to  the  right  hand  frame 
channel  and,  using  the  fourteen  3/4"  diameter  holes  as  guides,  drill 
through  spacer  plates  and  frame  channel  with  a  3/4"  drill  in  fourteen 
places.  (  Figure  9) 

9.  The  fourteen  3/4"  diameter  holes  are  arranged  in  throe  patterns  of 
4  holes  each  and  one  group  of  2  holes.  Back-up  plate  29''23'»- 137 
(Item  5)  is  used  for  each  of  the  -1-hote  patterns  and  back-up  plate 

2  Q  92  3  a  -  1  3  9  litem  6)  is  used  for  the  2-hole  pattern. 
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C.  INSTALLATION  OF  ATTACHMENT  STRUCTURE  (Continued) 

10.  Place  a  4-hole  back-up  plate,  (Item  5)  inside  the  frame  channel 
behind  the  aft  4-hole  pattern.  Lubricate  the  shanks,  threads  and 
underside  of  the  heads  of  four  3/4-10  UNC  bolts,  with  molykote, 
insert  through  side-plate,  Bpacer,  channel,  and  back-up  plate, 

add  flat  washers  and  lock  washers,  and  screw  on  the  3/4-10  UNC  hex 
nuts,  hand  tight. 

11.  Similarly,  using  two  more  back-up  plates  Item  5  and  one  Item  6» 
insert  and  hand  tighten  10  more  lubricated  bolts,  washers,  lock 
washers  and  nuts. 

12.  With  a  wrench  holding  the  nuts  on  the  inside  of  the  frame  channel, 
tighten  the  fourteen  bolts  to  125  foot-lbs  of  torque. 

13.  Securely  clamp  the  left  hand  subassembly,  299239-509  to  the 
left  hand  frame  channel  in  the  position  shown  in  Figure  10. 

14.  Weld  the  -509  subassembly  to  the  -501  assembly  along  the  left 
hand  side  as  shown  on  Figure  10.  The  welding  consists  of  one 
1-inch  chamfer  weld  8-5/8  inches  long,  continuous  with  one 
3/4-inch  chamfer  weld  23-1/4  inches  long,  one  2-inch  chamfer  weld 
3-1/2  inches  long,  and  two  3/8-inch  fillet  welds  3-l/2  inches  long. 
The  welding  procedure  must  prevent  distortion  or  relative  movement 
between  the  parts  being  joined. 

15.  Drill  fourteen  3/4"  diameter  holes  similarly  to  paragraph  8  above. 
Exercise  care  to  avoid  damage  to  tubing  and  electrical  lines  inside 
the  frame  channel,  particularly  at  the  forward  end  of  the  attachment 
struct” re. 

16.  Place  four  back-up  plates  in  their  appropriate  positions  inside 
the  left  hand  frame  channel,  and  install  the  fourteen  lubricated 
bolts,  washers,  lock  washers  and  nuts.  Tighten  the  bolts  to  125 
foot-lb  of  torque. 

D.  REWORK  OF  FORKLIFT  TRUCK  COMPONENTS 

1.  Floodlight  bracket:  Trim  the  bracket  to  fit  the  2-1/2"  diameter 
beam  at  the  front  of  the  ROPS  and  weld  in  place  per  Figure  11. 

2.  Left  hand  latched  engine  cover:  Cut  in  two  pieces,  relocate  the  two 
hooks  and  rework  the  V.<*tom  edges  as  shown  in  Figure  12. 

3.  Right  hand  latched  engine  cover:  Rework  similarly  as  shown 
in  Figure  12. 

4.  Left  hand  rear  fender:  Cut  rectangular  opening  and  drill  three 
holeB  per  Figure  13. 
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D.  REWORK  OF  FORK  LIFT  TRUCK  COMPONENTS  (Continued) 


5.  Right  hand  rear  fender:  Cut  square  opening  per  Figure  14. 

6.  Left  hand  panel  cover  forward  of  the  latched  cover:  Cut  off  the 
downward  projection  and  bend  up  the  lower  edge  as  shown  in  Figure  15. 

7.  Right  hand  cover  panel  forward  of  the  latched  cover;  Cut  off  the 
corner  and  bend  up  the  lower  edge  as  shown  in  Figure  16. 

8.  Sent  panel  forming  front  wall  of  left  hand  wheel  well:  No  rework 
of  this  part  ls  required. 

E.  INSTALLATION  OF  ROLL-OVER  PROTECTIVE  STRUCTURE 


1.  Install  the  re-worked  left  hand  rear  fender.  Only  7  bolts  are 
required,  because  one  bolt  hole  has  been  cut  out  in  the  rework. 

2.  Install  ’he  reworked  right  hand  rear  fender  using  the  10  bolts  required. 

1.  Lower  the  muffler,  and  the  hood  to  fit  over  the  3/4  inch  lip6  on  the 

two  fenders. 

4.  Re -tighten  the  clamp  attaching  the  muffler  to  the  exhaust  stack. 

5.  Re -attach  the  hood,  using  the  12  bolts  required. 

6.  Hoist  the  ROPS  by  means  of  a  sling  attached  to  the  two  lifting  lv.gs  and 
lower  it  so  that  the  two  feet  pass  through  the  openings  in  the  rear 
tenders  and  hang  just  above  the  two  sockets  in  the  attachment  structure. 
The  feet  should  be  centered  on  the  sockets;  adjust  the  center  distance 
by  means  of  the  tie  rod  if  necessary. 

7.  Install  two  tapered  resilient  pads  (Item  11)  on  the  inner  vertical  faces 
of  each  socket,  using  the  rubber -to-metal  adhesive  (Item  35).  Then 
i-  tall  two  rectangular  i  esilient  pads  (Item  12)  on  the  inner  sloping 
faces.  The  pads  must  be  bottomed  in  the  socket,  and  will  extend 
almost  2  inches  above  the  top.  Be  sure  to  follow  the  above  sequence: 
tapered  pads  first. 

8.  Before  the  adhesive  cures,  carefully  lower  the  ROPS  making  sure  the 
resilient  pads  are  not  displaced.  One  man  at  each  socket  is  recom¬ 
mended.  The  ROPS  will  bottom  against  the  sloping  pads.  See  Figure  17 

9.  Place  one  large  flat  washer  (Item  8)  on  one  self-locking  cap  screw 
(Item  14),  then  add  one  resilient  washer  (Item  13),  insert  through  the 
hole  in  the  underside  of  one  socket  into  the  threaded  hole  in  the  bottom 
of  the  ROPS  foot,  and  hand  tighten.  Follow  this  same  procedure  for 
the  other  leg  of  the  ROPS,  Tighten  both  cap  screws  to  a  torque  of  300 
foot-pounds . 
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E.  1NSTA1  LATIOX  OF  ROLL-OVER  PROTECTIVE  STRUCTURE  (Continued) 

10.  Loosen  the  four  nuts  on  the  ROPS  tie -rod  to  remove  any  strain  or.  the 
rod.  then  re-tighten  to  eliminate  any  looseness. 

F.  REPLACEMENT  OF  FORK  LIFT  TRUCK  COMPONENTS 

1.  Replace  the  bent  panel  forming  the  forward  wall  of  the  left  hand 
wheel  well,  using  10  bolts. 

2.  Replace  the  left  hanc  panel  cover  forward  of  the  latched  covers, 
using  4  machine  screws. 

3.  Replace  the  right  hand  panel  cover  forward  of  the  latched  covers, 
using  8  machine  screws. 

4.  Attach  one  cover  latch  to  the  left  hand  side  of  the  attachment  structure 
with  two  10/24  machine  screws  threaded  into  the  tapped  holes,  for'vard 
of  the  ROPS  post. 

5.  Attach  one  cover  latch  to  the  right  hand  side  of  the  attachment 
structure  in  the  same  way. 

6.  On  the  left  hand  side,  pass  engine  cover  "A"  behind  the  ROPS  pest 
from  the  rear,  hook  in  place  and  secure  with  the  latch. 

7.  On  the  right  hand  side,  install  the  "C"  engine  cover  in  the  same  way. 

8.  On  the  left  hand  side,  install  the  engine  cover  "B", 

9.  On  the  rigit  hand  side,  install  the  engine  cover  "D". 

10.  Install  the  air  cleaner,  attaching  to  the  left  hanu  rear  fender  by 
r.,car.»  of  3  bolts  inrough  the  three  new  holes  and  one  bolt  through 
the  original  slotted  hole. 

11.  Re-connect  the  flexible  air  duct  to  the  air  cleaner  outlet,  and  tighten 
the  clamp. 

12.  Re-connect  the  service  indicator  tube  to  its  boss  on  the  air  cleaner 
outlet. 

13.  Loosen  the  clamp  attaching  the  brace  to  the  uir  cleaner  inlet  stack. 

14.  Slide  the  loosened  clainp  upward  to  permit  the  lownr  end  of  the 
brace  to  match  its  original  bolt  hole  in  the  fender. 

15.  Bolt  the  lower  end  of  the  brace  to  the  fender  with  one  bolt. 

16.  Plumb  the  air  cleaner  inlet  stack  and  rc-tighten  the  clamp. 
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F .  REPLACEMENT  OF  FORK  LIFT  TRUCK  COMPONENTS  (Continued) 


17.  Attach  electric  harness  Item  27  (56  inches  long)  on  the  chassis  as 
shown  in  Figure  18,  extending  from  front  of  cockpit  to  top  of  left 
hand  rear  fender  adjacent  to  ROPS  post. 

18.  Attach  electric  harness  Item  28  (140  inches  long)  to  R.OPS  post  and 
upper  horizontal  beam  to  serve  flood  light  mounted  on  forward  round 
beam  (Figure  18). 

19.  Re -install  the  counterweight. 

20.  Mount  the  two  rear  wheels  back  on  the  truck. 

21.  Remove  all  blocking. 
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